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Abstract 
 
The overall theme of the dissertation is that metal ions such as silver(I) can 
replace H
+
 in hydrogen bonded organic frameworks.  Because organic solids have been 
extensively studied, we can insert metal ions into the supramolecular assemblies, thus 
creating predictable coordination solids of varying dimensions.  One example of an 
organic solid tested involves the organic compounds terephthalic and isophthalic acids.  
These dicarboxylic acids have previously been shown to self-assemble into tape-like 
structures via hydrogen bonding, with neighboring dicarboxylic acids located at angles of 
180° and 120° respectively. By substituting the hydrogen bonds with coordination metal-
ligand bonds similar assemblies are formed. Other examples include the sulfur based 
ligand 1,3-dithiane which is similar in structure to isophthalic acid. Because dithinae is 
saturated and has an extra lone pair of electrons on the sulfur atoms, in this case there is a 
possibility of one-, two-, three-, or four-fold connectivity to each ligand. The effect of the 
counterion on the overall upon reaction with a variety of silver salts is discussed. The 
structures of unsaturated nitrogen-based bifunctional ligands pyrimidine , 4,6-
dimethylpyrimidine and 2-hydroxy-4,6-dimethylpyrimidine in combination with zinc(II) 
chloride are also reported.  Finally, the effect of chain length of  5-alkynylpyrimidine on 
coordination compounds analogous to their organic counterparts is demonstrated. It will 
be shown that both chain length and anion will influence the supramolecular assembly. 
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Chapter 1 
Introduction 
 
1.1. Supramolecular Chemistry and Crystal Engineering 
Lehn defined supramolecular chemistry as chemistry beyond the molecule.
1
 
Instead of the synthetic focus being on atoms connected by covalent bonds, the focus is 
on molecules connected by intermolecular forces. One can think of individual 
(covalently bonded) molecular building blocks being held together by the 
supramolecular glue of intermolecular forces to create supermolecules. Non-covalent 
forces such as hydrogen bonding, π-π stacking forces, electrostatic and hydrophobic 
interactions, as well as metal-ligand coordination bonds can be exploited in the synthesis 
of supermolecules. A discussion of intermolecular interactions in supramolecular 
chemistry will take place in section 1.2.   
Supermolecules comprise molecules attached in predictable fashion via 
complementary functional groups. In modern organic synthetic chemistry functional 
groups are linked together through covalent interactions. The term synthon is defined as 
a structural unit within a molecule which is related to a possible synthetic operation.
2
  In 
supramolecular chemistry, supramolecular synthons are “structural units within 
supermolecules which can be formed and/or assembled by known or conceivable 
synthetic operations involving intermolecular interactions” as described by Desiraju.
3
 It 
is perhaps best to imagine the molecules as building blocks or pieces of a jigsaw puzzle. 
Thus supramolecular synthons are combinations of complementary functional groups 
that are known and understood to reliably and reproducibly effect interconnection of 
2 
 
molecules. Examples include hetro- and homomeric hydrogen bonds, halogen bonds, π-
π, C-H… π and dispersive forces, Figure 1.1. 
 
 
 
 
Figure 1.1. Examples of supramolecular synthons. 
 
 
3 
 
G.M.J. Schmidt first used the term “crystal engineering” in 1971 addressing the 
problem of crystal structure prediction. This was further expanded by G.R. Desiraju in 
1989 as “the understanding of intermolecular interactions in the context of crystal 
packing, and the utilisation of such understanding in the design of new solids with 
desired physical and chemical properties.” The crystal engineer would idealy be able to 
predict the crystal structure from any given chemical composition.
4,5,6,7
 
 
  
4 
 
 
1.2 Intermolecular Forces 
There are a number of intermolecular forces that the supramolecular chemist can 
use in designing networks or aggregates in solution and the solid state. Electrostatic 
interactions, - stacking, Van der Waals forces, hydrogen bonding, halogen bonding 
and coordination bonds will be discussed below. Steric effects are also important, as 
they may prevent molecules complementary intermolecular functionality from 
aggregating. 
1.2.1 Electrostatic interactions are based on coulombic attraction between opposite 
charges and are prevalent in host-guest chemistry. Commonly known electrostatic 
interactions include ion-ion, ion-dipole, and dipole-dipole interactions, Figure 1.2. Ion-
Ion interactions are non-directional, and ion-dipole and dipole-dipole interactions are 
aligned for the strongest binding in specific orientations. 
O
O
O
Ion­ Ion
Dipole­ Ion
Dipole­ Dipole
 
 
Figure 1.2. Electrostatic interactions (ion-ion, ion-dipole, dipole-dipole). 
5 
 
 
 
1.2.2 Aromatic rings are frequently held together by - stacking interactions.
8
 The 
rings can pack together in two possible ways, “face-to-face” or “edge-to-face”. The face 
to face interaction involves two aromatic rings, one above the other and can interact in 
an offset fashion. The edge-to-face arrangement, also know as the herring bone 
arrangement, occurs when a C-H group on the edge of one aromatic ring interacts with 
the -system of a second ring, Figure 1.3. 
 
 
Figure 1.3. - stacking interactions of aromatic rings Left: offset - stacking Right: 
herring bone arrangement. 
 
1.2.3. Van der Waals forces are attractive forces between molecules that occur when 
instantaneous dipoles in the electron clouds around each molecule interact favorably. 
These interactions are only favorable when molecules are at an optimum distance from 
each other. How crystals pack is dependent on this interaction. Molecules will arrange 
themselves in the crystal lattice in the closest possible distance to each other (closest 
packed). 
 When the mass of a molecule increases, the Van der Waals attractive forces will 
also increase. It is observed in molecules containing long alkyl chains that the chains 
6 
 
will interact with each other, producing a close packing arrangement with areas of 
parallel chains
9
, Figure 1.4. 
 
 
Figure 1.4. Van der Waals interactions between alkyl chains in the hydrogen bonded 
supramolecular structure of 5-dodecyloxyisophthalic acid.
9
  
 
 
 
 
 
7 
 
1.2.4. A hydrogen bond is a very strong dipole-dipole attraction. Hydrogen atoms 
bonded to small strong electronegative atoms such as O,N or F, act as hydrogen bond 
donors. These donors are then attracted to strongly electronegative atoms 
intramolecularly (within the same molecule), or intermolecularly (between two 
molecules), Figure 1.5. 
O
O
O
R
H
O
O
H
H
O
O
 
Figure 1.5. Examples of intramolecular and intermolecular hydrogen bonding. 
 
Hydrogen bonds can vary in strength from very weak (1-2 kJ mol
−1
) to extremely strong 
(>155 kJ mol
−1
)
10
. Etter
11
 proposed a set of rules for hydrogen bonding in organic 
crystals that can be applied when designing supramolecular assemblies, the rules are as 
follows: 
(i) All good hydrogen bond donors and acceptors will be used in hydrogen bonding. 
(ii) Six-membered ring intramolecular hydrogen bonds form in preference to 
intermolecular hydrogen bonds. 
(iii) The best proton donors and acceptors remaining after intramolecular hydrogen bond 
formation form intermolecular hydrogen bonds. 
Hydrogen bonding is a commonly used crystal engineering approach to intermolecular 
assembly.
12,13
 
8 
 
 
1.2.5.  Halogen bonding has been shown to be a favorable attractive interaction in 
supramolecular architecture. The halogen bond is considered a Lewis Acid-Lewis Base 
interaction. The halogen atom is an electrophilic Lewis acid and will form a non-
covalent bond with the electron donating Lewis base. The halogen-bond strength 
increases with the halogen atom in the order Cl<Br<I. Suitable electron donating donors 
would be hetroatoms such as nitrogen, oxygen, sulfur, and other halogen atoms and ions, 
Figure 1.6. In depth studies of this subject have become more common of late.
14,15
 
 
Figure 1.6. Example of assembly formed from N---I halogen bond. 
 
1.2.6. Classical coordination chemistry involves the coordination of ligands to metals by 
coordinate covalent or dative bonds. Bidentate ligands are used to propagate infinite 
networks of varying geometry. These networks are termed “coordination polymers.
16
” 
The ability to design a supramolecular structure by carefully choosing the ligand and 
metal centers having specific coordination geometries can lead to predictable 
coordination polymer networks.
17
 One can choose linear, or angular multidentate 
ligands, Figure 1.7. 
 
 
 
9 
 
 
 
  
 
 
Figure 1.7. Examples of different connector ligands for coordination polymers. 
 
10 
 
 
 
Likewise, one can chose the metal center based on its predominant geometry, Figure 1.8. 
For example, Ag
+
 is well known to form linear or tetrahedral coordination geometries, 
many  M(II) first row transition metals adopt octahedral geometries, Pd(II) and Pt(II) 
ions exhibit square planar coordination geometries, etc. 
 
 
 
Figure 1.8. Coordination geometry of linear Ag(I), square planar Pt(II), tetrahedral 
Zn(II) and octahedral Cr(III). 
 
This method has been used to create infinite networks and grids along with discrete 
nano-sized supramolecular species.
18,19,20
 This will be discussed in more detail later in  
subsequent chapters. 
11 
 
 
 
1.3. Experimental 
Single crystal X-ray crystallography was used to determine the solid state 
structures of the assemblies reported in chapters 2 through 5. This technique gives the 
three dimensional arrangement of atoms in a single crystal, which allows us to 
investigate how the molecules interact to form supramolecular assemblies. All single 
crystal data will be reported in Appendix A.  Powder X-ray diffraction was used to 
eliminate the possibility that more than one crystal structure was present. The calculated 
powder X-ray pattern based on the single crystal data should match the experimentally 
determined pattern, with no extra peaks if the sample is pure, this data will be reported 
in Appendix B. Elemental analysis was conducted to provide further proof of the 
chemical composition of a sample. The structure and purity of synthesized ligands was 
confirmed using NMR, IR and mass spectrometry, this data will be reported in 
Appendix C. 
 
12 
 
 
1.4. Preview 
 The body of work presented describes results obtained from an exploration of the 
coordination of transition metals to bidentate ligands in an attempt to form 
supramolecular assemblies. The general theme will be a comparison of coordination 
polymers utilizing ligands that coordinate at a 120° angle, to an analogous organic 
system, that of isophthalic acid.
21
 Isophthalic acid networks are connected via hydrogen 
bonds, and we wish to demonstrate that coordination complexes having ligands of the 
same geometry will form coordination polymers having the same network topology. 
Two ligands that have a potential to coordinate at a 120° angle are the nitrogen 
containing pyrimidine and the sulfur containing 1,3-dithiane, Figure 1.9. A secondary 
theme will involve the study of the nature of the counterions on the overall 
supramolecular assembly. 
 
 
Figure 1.9. The connectivity of isophthalic acid, pyrimidine, and 1,3-dithiane. 
 
The bidentate sulphur containing ligand 1,3-dithiane will be shown to coordinate to 
silver(I) salts resulting in coordination polymers. Pyrimidine based ligands have also 
been used to coordinate to zinc chloride, again resulting in coordination polymers. 
13 
 
5-alkynylpyrimidine derivatives have been prepared with a view to exploring the 
relationship between these ligands and 5-alkoxyisophthalic acids
9
 when coordinated to 
Ag
+
 ions, Figure 1.10. Silver(I) salts with anions such as nitrate, hexafluorophosphate 
and carboxylates have been used in reactions with the 5-alkynylpyrimidines. It will be 
shown that both chain length and anions influence the supramolecular assembly. 
 
 
 
Figure 1.10. Comparison of 5-alkoxyisophthalic acids and 5-alkynylpyrimidine. 
  
In short, the work presented compares metal-pyrimidine and metal-dithiane 
assemblies to organic isophthalic acid assemblies, to draw a connection between organic 
and inorganic supramolecular chemistry. Chapter 2 involves 1-D and 2D coordination 
polymers produced by reacting the ligand 1,3-dithiane with a variety of silver(I) salts. In 
Chapter 3 structures based on bidentate nitrogen based ligands coordinated to group 12 
transition metals are discussed. Chapter 4 focuses on the structures formed upon reaction 
of silver(I) carboxylates with nitrogen based ligands, including a series of 5-alkynyl-
pyrimidines. The series of 5-alkynyl-pyrimidines coordinated to silver(I) nitrate and 
14 
 
silver(I) hexafluorophosphate will be presented in Chapter 5 to compare the nitrate and 
hexafluorophosphate counterions on structure as compare to carboxylates . Chapter 6 
provides a brief summary of the work as a whole.
15 
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Chapter 2 
Co-ordination Polymers Based On The Ligand 1,3-Dithiane 
2.1 Introduction 
One of the most commonly discussed supramolecular interactions is the 
hydrogen-bonded dimer between benzene carboxylic acids
1
 and its derivatives. The 
parent compound forms tape-like structures in the solid state, through complementary 
hydrogen bonds between the carbonyl oxygen atom on one molecule and the hydroxy 
group on the second molecule, Figure 2.1. 
 
 
 
 
 
 
 
 
 
Figure 2.1. Tape like structures of terephthalic and isophthalic acids.
1
 
Terepthalic acid and isopthalic acid form tape like structures via hydrogen 
bonding at angles of 180° and 120° respectively. The dithiacylohexanes, such as 1,4-
dithiacylcohexane (1,4-dithiane) and 1,3-dithiacylcohexane (1,3-dithiane) are similar 
in that they can coordinate at angles of 180° and 120° respectively, Figure 2.2. In this 
OH
O
O
HO
O
O
HO
OH
HO
O
O
OH
OH
O
OH
O
O
HO
O
HO
 18 
chapter I report investigations into whether  hydrogen bonds can be replaced by 
coordination bonds to form similar assemblies by substituting isophthalic acids with 
dithianes, and using these bidentate ligands in combination with metal salts to 
synthesize crystalline coordination polymers. 
   
 
 
 
Figure 2.2. Connectivity of terephthalic acid, isophthalic acid, 1,4-dithiane, and 1,3-
dithiane.  
 
The dithianes have an added flexibility due to the fact that saturated six-
membered rings allow both chair and boat conformations. Additionally the sulfur 
atoms both have two lone pairs giving the possibility of one-, two-, three-, or four-
fold connectivity. By utilizing different combinations of axial and equatorial co-
ordination, different stereochemical arrangements can be obtained. 
 19 
Studies of the coordination of sulfur containing ligands have been uncommon 
until recently.
2,3,4 
Schröder and co-workers have studied S-donor ligands such as 
tetramethylhexathiaadamantate
2
, dithiacyclohexanes
3
, and larger thioether 
macrocycles
4
 in the construction of coordination polymers. They demonstrated that 
1,4-dithiane acts as a bidentate bridging ligand and generally adopts the chair 
conformation with either axial-axial (ax-ax) or equatorial-equatorial (eq-eq) 
arrangements. Schröder has reported many examples of co-ordination polymers 
obtained upon combination of 1,4-dithiane  with silver(I) salts. Compounds with 
metal : ligand ratios of 2 : 3, 2 : 1, and 1 : 1 have been reported with five silver salts
2
.  
The 1 : 1 adducts {[Ag(1,4-dithiane)][BF
4
]}

, {[Ag(1,4-dithiane)][SCN]}

, 
and {[Ag(1,4-dithiane)][NO
2
]}

 have different extended networks, however they are 
all based on the same building block. The 1,4-dithianes bridge the metal centers 
forming an infinite chain {[Ag(1,4-dithiane)]
+
}

. The overall structure is dicatated by 
anions which link the chains in either a sheet structure with SCN
–
 anion, a 
diamondoid network with NO
2
–
 anion, Figure 2.3., or a CdSO
4
-type net with BF
4
–
 
anion. Likewise the {[Ag(1,4-dithiane)][CF
3
CO
2
]}

 structure by Edema
5
 forms the 
same building block. 
 20 
 
Figure 2.3. The diamondoid structure of {[Ag(1,4-dithiane)][NO
2
]}
.
2
 
 
The 2 : 3 adducts {[Ag
2
(1,4-dithiane)
3
][BF
4
]
2
}

,{[Ag
2
(1,4-
dithiane)
3
][CF
3
SO
3
]
2
}

, and {[Ag
2
(1,4-dithiane)
3
][NO
3
]
2
}

 all form a {[Ag
2
(1,4-
dithiane)
3
]
2+
}

 honeycomb sheet of (6,3) topology. An interesting feature is that in 
{[Ag
2
(1,4-dithiane)
3
][BF
4
]
2
}

, and {[Ag
2
(1,4-dithiane)
3
][NO
3
]
2
}

,the dithianes adopt 
an axial-axial arrangement, however in the case with the bulkier anion {[Ag
2
(1,4-
dithiane)
3
][CF
3
SO
3
]
2
}

 , Figure 2.4., the dithianes adopt an equatorial-equatorial 
arrangement. In doing so the cavities within the hexagonal units increase in size, 
allowing the bulkier anion to be accommodated.  
 21 
 
Figure2.4. The honeycomb sheet of (6,3) topology observed for 
{[Ag
2
(1,4dithiane)
3
][CF
3
SO
3
]
2
}

.
2
 
 
The 2 : 1 adduct {[Ag
2
(1,4-dithiane)][SO
4
].H
2
O}

 is unique in that all four 
lone pairs on the dithiane are used making it a four connecting unit. Water molecules 
along with the [SO
4
2-
] anions act as bridging ligands giving a complicated three-
dimensional arrangement. 1,4-Dithiane has also been shown to act as a bridging 
ligand in both nickel
6
 and copper systems.
7,8
 
If one compares 1,3-dithiane to 1,4-dithiane, one would expect that the chair 
conformation would be the most predominant for both. Few examples of 1,3-dithiane 
coordinated to transition metals had been reported prior to our work. One example of 
previous work is {[Hg
2
(1,3-dithiane)][NO
3
]
2
}

 ,
9
 where the 1,3-dithiane ligand adopts 
the chair conformation bridging Hg
2
2+
 cations in an equatorial-equatorial fashion 
 22 
forming a co-ordination polymer of alternating metal and bridging ligands, Figure 
2.5. 
 
 
 
 
Figure 2.5 Schematic representation of {[Hg
2
(1,3-dithiane)][NO
3
]
2
}
 
with Hg
+
---Hg
+
 
6.78 Å.
9
 
 
In [Ru
4
H
4
(CO)
10
(1,3-dithiane)]
10
 the 1,3-dithiane ligand adopts the chair 
conformation, bridging two Ru(I)centers in an axial-axial fashion forming a 
molecular complex , Figure 2.6. 
Hg
+
Hg
+
S SSS Hg
+
Hg
+
NO
3
-
NO
3
-
 23 
 
 
 
 
 
 
 
 
 
Figure 2.6. Molecular structure of [Ru
4
H
4
(CO)
10
(1,3-dithiane)].
10
 
 
There have been examples where 1,3-dithiane has co-ordinated in a monodentate 
fashion, namely [Fe(CO)
4
(1,3-dithiane)]
11
, [Cr(CO)
2
(C
6
H
6
)(1,3-dithiane)]
12
, 
[RhCl
2
(C
5
H
5
)(1,3-dithiane)]
13
, [RhCl(C
5
H
5
)(1,3-dithiane)
2
]
13
, Figure 2.7. 
 
 
 
 
 
 
Figure 2.7.  [Fe(CO)
4
(1,3-dithiane)] and [Cr(CO)
2
(C
6
H
6
)(1,3-dithiane)].
11,12,13 
 
 24 
Subsequent work by Keller has shown 1,3-dithiane forming coordination 
polymers with copper(I) metal centers.
14
 Four examples were presented where the 
metal to ligand ratio and solvent conditions varied. 1,3-Dithiane is in the chair 
conformation and the Cu(I) center coordinates in a tetrahedral manner in all 
examples, Figure 2.8. 
 
Figure2.8. Coordination polymer of [Cu(BF
4
)(MeCN)
2
(1,3-dithiane)
2
]
∞
.
14 
 
In this chapter I will report on our results related to exploring the relationship 
between inorganic and organic supramolecular assembly.  We set out to investigate 
whether the same structural motifs are found when hydrogen bonds are replaced with 
metal ions. If we can, then properties such as host-guest, catalysis, luminescence and 
charge transfers can be incorporated into the assembly, depending on the metal. 
Silver(I) has been chosen for its ability to coordinate in a linear fashion to mimic the 
hydrogen-bonded dimer interaction in benzene carboxylic acids. Structural studies of 
co-ordination polymers formed from combining silver(I) salts with 1,3-
 25 
dithiacyclohexane (1,3-dithiane) will be presented in this chapter and examined 
alongside a series of related systems prepared by Schröder and coworkers. These 
studies were reported in a joint publication.
 15
 
 
 26 
 
2.2 Results  
2.2.1 1,3-dithiane as a two-fold connecting unit 
Structures of the 1:1 polymers, compound 1 {[{Ag
2
( -1,3-dithiane)
2
}( -NO
3
)
2
]}

 
and compound 2 {[{Ag
2
( -1,3-dithiane)
 2
}( -PF
6
)
2
]}

  
On reacting 1,3-dithiane with the silver(I) salts, AgNO
3
 and AgPF
6
 in a 1 : 1 
ratio a  [Ag
2
(-1,3-dithiane)
2
]
2+
 cationic unit is linked by  a pair of anions (X) to form 
the 1-D near-linear chains {[Ag
2
(-1,3-dithiane)
2
(
 
-X)
2
]}

, (X = NO
3
 or PF
6
). Both 
have inversion centers lying at the center of both the cations and the linking [Ag
2
(
 
-
X)
2
] (X = NO
3
-
 or PF
6
-
) units.  
The asymmetric unit therefore comprises one Ag(I) center, one 1,3-dithiane 
molecule and either one NO
3
–
 or one PF
6
–
 anion. In the centrosymmetric [Ag
2
(-1,3-
dithiane)
2
]
2+
 unit, two Ag(I) centers are bridged by two 1,3-dithiane molecules, 
Figure 2.9., which adopt the chair conformation and bind in an ax-ax fashion. The 
Ag-Ag separations are 2.970(1) Å and 2.924(1) Å for the NO
3
– 
and PF
6
–
 containing 
structures, respectively. 
 
 
 
 
Figure 2.9. [Ag
2
(-1,3-dithiane)
2
]
2+
 bridging motif found in compounds 1 and 2. 
SS
Ag Ag
S S
 27 
In compound 1{[{Ag
2
(1,3-dithiane)
2
}(NO
3
)
2
]}

, two NO
3
–
 anions  bridge 
between two [Ag
2
(1,3-dithiane)
2
]
2+
 units through a single oxygen atom on each anion, 
giving an Ag-Ag separation of 3.910(1) Å, Figure 2.10. 
 
Figure 2.10. Crystal structure of compound 1 {[{Ag
2
(1,3-dithiane)
2
}(NO
3
)
2
]}

 
showing the linear chains. 
 
Likewise in compound 2 {[{Ag
2
(1,3-dithiane)
 2
}( -PF
6
)
2
]}

,  two PF
6
–
 anions 
bridge between two [Ag
2
(1,3-dithiane)
2
]
2+
 units through a single fluorine atom on 
each anion, giving a Ag-Ag separation of 3.937(1) Å, Figure 2.11. 
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Figure 2.11. Crystal structure of Compound 2 {[{Ag
2
(1,3-dithiane)
 2
}( -PF
6
)
2
]}

 
showing the linear chains. 
 
The two structures are very similar in that both form the [Ag
2
(1,3-dithiane)
2
]
2+
 
unit in which each Ag(I) cation is co-ordinated to two sulfur atoms from separate 1,3-
dithiane ligands and either two oxygen atoms from the NO
3
–
 anions or two fluorine 
atoms from the PF
6
–
 anions in a saw-horse configuration. Despite the significant 
differences in Ag–O [2.551(3), 2.598(3) Å] and Ag-F [2.873(6), 3.011(6) Å] 
interatomic distances, the Ag-Ag separations within the [Ag
2
(
 
-X)
2
] moieties are 
very similar. As the NO
3
-
 anion is stronger co-ordinating than PF
6
-
 the Ag-Ag 
separation in the [Ag
2
(1,3-dithiane)
2
]
2+
 unit is slightly longer with the stronger co-
ordinating anion pulling the silver atoms apart. Likewise in the [Ag
2
(
 
-X)
2
] unit the 
Ag-Ag separation is slightly shorter due to the stronger co-ordinating anion pulling 
the silver atoms together. 
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Structure of the 1:1 polymer, {[{Ag(-1,3-dithiane)
2
{Ag(NO
2
)} -NO
2
)]}

 
The 1 : 1 polymer {[{Ag(-1,3-dithiane)
2
{Ag(NO
2
)} -NO
2
)]}

 was 
prepared by Schröder and coworkers from reaction of 1,3-dithiane with AgNO
2
 and 
reported in our joint publication.
15
 It is discussed here for comparison with the 
structures derived from AgPF
6
 and AgNO
3.
           
The structure of {[{Ag(-1,3-dithiane)
2
{Ag(NO
2
)} -NO
2
)]}

 is much less 
symmetrical than that of the two previously discussed examples. As in the two 
previous examples a [Ag
2
(1,3-dithiane)
2
]
2+
 unit is formed, however one of the NO
2
–
 
anions coordinates directly to one of the silver centers giving [Ag(-1,3-
dithiane)
2
{Ag(NO
2
)}]
+
 cations, which are then linked by [NO
2
-
] anions to form a 1-D 
saw-tooth chain. 
The crystallographic asymmetric unit consists of two Ag(I) centers, two 1,3-
dithiane ligands and two NO
2
–
  anions. The building block in {[{Ag(-1,3-
dithiane)
2
{Ag(NO
2
)} -NO
2
)]}

 is a dinuclear [Ag(-1,3-dithiane)
2
{Ag(NO
2
)}]
+
 
moiety, differing from those in the previous examples in so far as one of the silver 
atoms  is terminally co-ordinated by a bidentate chelating NO
2
–
 anion, Figure 2.12.  
 
 
Figure 2.12. Nitrite bridging mode in {[Ag
2
(1,3-dithiane)
2
][NO
2
]
2
}
n
.
15
 
 
The ligating properties of the bridging NO
2
–
 anion are highly unusual, since 
the ion co-ordinates to three different Ag(I) centers in a 
2
-O,O’ and a 
2
-O mode, 
Ag
O
N
O
Ag
Ag
 30 
Figure 2.12. An analogous arrangement is seen in the {[Ag
2
(1,4-dithiane)
2
][NO
2
]
2
}

 
polymer 
3
 in which two Ag(I) centers are linked by a single NO
2
–
 anion which 
chelates one Ag(I) center and links to the other using a 
2
-O bridging mode.  
The arrangement of the bridging 1,3-dithiane ligands forms a boat shaped 
arrangement with the Ag(I) centers on the bottom, Figure 2.13.  
 
Figure 2.13. Structure of the {[{Ag(-1,3-dithiane)
2
{Ag(NO
2
)} -NO
2
)]} unit.
15
 
This arrangement allows the second NO
2
–
 anion to act as a third bridge 
between the silver centers of the [Ag(-1,3-dithiane)
2
{Ag(NO
2
)]
+
 moiety with an Ag-
Ag separation of 2.9474(8) Å and to link to a second cation and hence generate the 
{[Ag(-1,3-dithiane)
2
{Ag(NO
2
)}(-NO
2
)]}

 saw-tooth chain with an Ag-Ag 
 31 
separation of 4.4966(8) Å, Figure 2.14. 
 
 
Figure 2.14. The saw-tooth arrangement of {[{Ag(-1,3-dithiane)
2
{Ag(NO
2
)} -
NO
2
)]}

.
15
 
 
As seen in Figure 2.13., the first silver center, Ag(1), is ligated by two sulfur 
atoms from separate 1,3-dithiane molecules, and three oxygen atoms (one from the 
bridging NO
2
–
 anion and two from terminal NO
2
–
 anions). The second silver center, 
Ag(2), is ligated by two sulfur atoms from different 1,3-dithiane molecules and two 
oxygen atoms from different bridging NO
2
–
 anions.  
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Structure of the 1:1 polymer, {[{Ag
2
(µ-1,3-dithiane)
2
(µ-Cl)}][BF
4
]} 
{[{Ag
2
(µ-1,3-dithiane)
2
(µ-Cl)}][BF
4
]}was prepared by the slow layered diffusion of 
solutions of AgBF
4
 in MeOH and 1,3-dithiane in CH
2
Cl
2
 and was characterized by 
Schröder and coworkers
15
. [Ag
2
(µ-1,3-dithiane)
2
]
2+
 cation units are linked by Cl
–
 
anions to form a 1-D zig-zag chain, {[Ag
2
(µ-1,3-dithiane)
2
]Cl
+
} .The BF
4
–
 anions are 
uncoordinated with the shortest Ag-F separation being 2.981(3) Å. The [Ag
2
(µ-1,3-
dithiane)
2
]
2+
 cation again contains dithiane ligands that adopt the chair conformation 
and bind in an ax–ax fashion as in the previous examples, but differs from those in 
{[{Ag
2
(µ -1,3-dithiane)
2
}( µ -NO
3
)
2
]}

 and {[{Ag
2
(µ -1,3-dithiane)
 2
}( µ -PF
6
)
2
]}

 in 
the positioning of the two 1,3-dithiane bridges. 
A zig-zag chain is created with the µ
4
-Cl anion acting as a third bridge linking 
a [Ag
2
(µ-1,3-dithiane)
2
]
2+
 cation to two others with Ag-Ag separations of 3.9531(9), 
and 4.0214(9) Å, Figure 2.15. Each Silver(I) center is co-ordinated to two 1,3-
dithiane ligands and two Cl
–
 anions in a near tetrahedral manner. The Ag-S bond 
distances are 2.4972(7),and 2.4992(7) Å while the Ag-Cl bond distances are 
2.6847(7) and 2.7907(7) Å. The BF
4
–
 anions lie in cavities in the zig-zag chain with 
the fluorines weakly hydrogen bonded to the 1,3-dithianes via a C-H…F bond of 
approximately 2.4 Å. 
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Figure 2.15. Crystal structure of {[{Ag
2
(µ-1,3-dithiane)
2
(µ-Cl)}][BF
4
]}  showing a 
zig-zag tape arrangement.
15
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1,3-dithiane as a three-fold connecting unit 
 
Structure of the 1:1 polymer compound 3 {[{Ag(BF
4
)}
2
( -1,3-dithiane)
2
]}

   
 
 The structure of compound 3{[Ag(BF
4
)}
2
( -1,3-dithiane)
2
]}

 is similar to the 
previous examples in that it comprises the[{Ag
2
(-1,3-dithiane)
2
] unit, containing 
two 1,3-dithianes in the chair conformation, bridging between two Ag
+
 cations in an 
axial-axial fashion. The [Ag
2
(-1,3-dithiane)
2
] unit is linked by weak Ag-S contacts 
to form 1-D near-linear chains, {[Ag
2
(-1,3-dithiane)
2
]}

, Figure 2.16. The inter-
cation Ag---S contacts are quite weak, with relatively long Ag-S interatomic distances 
of 3.034(2) and 3.181(2) Å. Two bridging BF
4
–
 anions, through two fluorine atoms on 
each anion support the weak Ag-S contacts. The BF
4
–
 anions also interact very 
weakly with Ag
+ 
as indicated by the long Ag-F interatomic distances 2.595(3), 
2.761(3), 2.877(3) and 3.093(3) Å. The Ag(I) centers are surrounded by three sulfur 
atoms from separate 1,3-dithiane ligands and two fluorine atoms from the BF
4
–
 anion 
in a square pyramidal configuration .  
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Figure 2.16 Crystal structure of compound 3 {[{Ag(BF
4
)}
2
( -1,3-dithiane)
2
]}

. 
 
The Ag-Ag separations within and between the dinuclear moieties 2.972(1) 
and 3.974(1) Å respectively are similar to those in compound 2{[{Ag
2
(1,3-dithiane)
 
2
}( -PF
6
)
2
]}

, and compound 1{[{Ag
2
(1,3-dithiane)
2
}(NO
3
)
2
]}

. This is true despite 
each case having different bridging anions with different binding strengths. 
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1,3-Dithiane as a four-fold connecting unit 
Structure of the 2:1 polymer, {[{Ag
2
(µ-1,3-dithiane)
2
}(µ-
SO
4
)
2
{Ag(H
2
O)
2
}
2
]·2H
2
O}.  
The structure of {[{Ag
2
(µ-1,3-dithiane)
2
}(µ-SO
4
)
2
{Ag(H
2
O)
2
}
2
]·2H
2
O},  
prepared and characterized by Schroder and coworkers,
15
 is a complex 2-D polymeric 
network of [Ag
2
(µ-1,3-dithiane)
2
]
2+
 and [Ag(H
2
O)
2
]
+
 cations linked by SO
4
2–
 anions, 
Figure 2.17. The Ag(I) centers of the [Ag
2
(µ-1,3-dithiane)
2
]
2+
 cations lie on a 
crystallographic mirror plane. The asymmetric unit consists of the [Ag
2
(µ-1,3-
dithiane)
2
]
2+
 cation, a third silver(I) center, Ag(3), with two water molecules, one 
SO
4
2–
 anion and an uncoordinated water molecule.  
 
Figure 2.17. Structure of  the unit {[{Ag
2
(µ-1,3-dithiane)
2
}(µ-
SO
4
)
2
{Ag(H
2
O)
2
}
2
]·2H
2
O}.
15
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Near-linear 1-D chains of {([Ag
2
(µ-1,3-dithiane)
2
][SO
4
]
2
)
2–
}are formed when 
[Ag
2
(µ-1,3-dithiane)
2
]
2+
 cations are bridged by pairs of SO
4
2–
 anions  , similar to the 
{[Ag
2
(1,3-dithiane)
2
]X
2
} chains found in {[{Ag
2
( -1,3-dithiane)
2
}( -NO
3
)
2
]}

 and 
in {[{Ag
2
( -1,3-dithiane)
 2
}( -PF
6
)
2
]}

 . The Ag-Ag separations are similar 
3.912(1) Å compared to 3.910(1) Å and 3.937(1) Å, respectively. 
 The two silver and four sulfur atoms of the [Ag
2
(1,3-dithiane)
2
]
2+
 moieties 
are coplanar,  the Ag(I) centers [Ag(1), Ag(2)] adopt saw-horse co-ordination 
geometries comprising two sulfur atoms from separate 1,3-dithiane molecules, and 
two oxygen atoms from separate SO
4
2–
 anions, Figure 2.18.  
 
Figure 2.18. Extended network of {[{Ag
2
(µ-1,3-dithiane)
2
}(µ-
SO
4
)
2
{Ag(H
2
O)
2
}
2
]·2H
2
O}.
15
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 The {([Ag
2
(µ-1,3-dithiane)
2
][SO
4
]
2
)
2–
} chain is anionic whereas compound 
1{[{Ag
2
( -1,3-dithiane)
2
}( -NO
3
)
2
]}

 and compound 2 {[{Ag
2
( -1,3-dithiane)
 
2
}( -PF
6
)
2
]}

 are neutral. To balance the negative charge an additional Ag(I) center 
[Ag(3)] links the chains into 2-D sheets. Each Ag(3) center forms a six co-ordinate 
near octahedral geometry by coordinating to two S-donors from different [Ag
2
(µ-1,3-
dithiane)
2
]
2+
 cations,  two O-donors from SO
4
2–
 anions and to two O-donors from 
water molecules, Figure 2.19.  
 
 
 
 
 
 
 
 
 
 
Figure 2.19. Schematic representation of {[{Ag
2
(µ-1,3-dithiane)
2
}(µ-
SO
4
)
2
{Ag(H
2
O)
2
}
2
]·2H
2
O}.
15
 
 
Two of these Ag(I) centers are bridged by the sulfate O-donors to form a 
centrosymmetric dinuclear unit with an Ag
2
O
2
 core, Figure 2.19. One oxygen  atom 
on a SO
4
2–
 anion bridges between two Ag(I) centres on two separate [Ag
2
(1,3-
O
H
2
O
H
2
O
H
2
O
H
2
O
O
O
O
O
O
S
O
O
SS
AgAg
S S
S
SS
Ag Ag
S S
Ag
SS
Ag Ag
S S
Ag
O
O
O
S
SS
Ag Ag
S S
O
O
S
O
O
O
 39 
dithiane)
2
]
2+
 cations, while another oxygen atom coordinates to a six coordinate Ag(I) 
center.  
The 1,3-dithiane molecules act as four-connecting units using both the axial 
and equitorial sites to link the two Ag(I) centers of the [Ag
2
(1,3-dithiane)
2
]
2+
 cations 
to four separate [Ag(H
2
O)
2
]
+
 cations. This is the only example in which the 1,3-
dithiane acts in this way, although 1,4-dithiane acts as a four-connecting unit in the 
compound {[Ag
2
(µ-1,4-dithiane)][SO
4
]·H
2
O}.
3
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2.3 Discussion 
 All the presented structures have in common the structural motif [Ag
2
(µ-1,3-
dithiane)]
2+
, which is linked to assemble coordination polymers. The structures are 
different from the extended structures created by combining the same silver (I) salts 
with 1,4-dithiane. Coordination polymers are formed with two anions bridging two 
[Ag
2
(µ-1,3-dithiane)]
2+
 units through coordination to the silver atoms. 
 The [Ag
2
(µ-1,3-dithiane)]
2+
 unit is the same in compound 1{[{Ag
2
(1,3-
dithiane)
2
}(NO
3
)
2
]}

, compound 2{[{Ag
2
(1,3-dithiane)
 2
}( -PF
6
)
2
]}

, compound 
3{[{Ag(BF
4
)}
2
( -1,3-dithiane)
2
]}

 and {[{Ag
2
(µ-1,3-dithiane)
2
}(µ-
SO
4
)
2
{Ag(H
2
O)
2
}
2
]·2H
2
O}.The 1,3-dithiane molecules are located mutually trans 
within the silver(I) atom coordination spheres, giving effective planar arrangements 
of the two silver and the four sulfur atoms. However in the two compounds {[{Ag
2
(µ-
1,3-dithiane)
2
(µ-Cl)}][BF
4
]} and {[{Ag(-1,3-dithiane)
2
{Ag(NO
2
)} -NO
2
)]}

 the 
silver centers are additionally coordinated to an anion. This results in a distortion of 
the [Ag
2
(µ-1,3-dithiane)]
2+
 unit, to a roof-shaped arrangement with the silver atoms 
located on the gable. This is a result of the NO
2
–
 and Cl
–
 being stronger coordinating 
anions than PF
6
–
, NO
3
–
, BF
4
–
 and SO
4
2–
. In all cases the Ag-Ag separation through the 
bridging anions is similar, and lies in the range 2.9236(12) to 3.0983(5)Å irrespective 
of the strength of the coordinating anion. 
 In each case, with the exception of compound 3{[{Ag(BF
4
)}
2
( -1,3-
dithiane)
2
]}

, the anions bridge to form a Ag
2
X
2
 rhomboid dimer. The Ag-Ag 
 41 
separation in this dimer is similar in all cases, in the range 3.9101(8) to 3.9371(12) Å, 
even though each anion has a different geometry and coordination ability. 
 In the case of the exception, compound 3{[{Ag(BF
4
)}
2
(1,3-dithiane)
2
]}

, the 
anion does not form a rhomboid dimer as in the other examples. Instead two anions 
form µ
2
-F,F'-bridges which support direct, but weak, Ag-S interactions between the 
cations.  This is unexpected as BF
4
–
 and PF
6
–
 are expected to be similar in their 
coordinating ability.
16,17
 
 In the two examples{[{Ag
2
(µ-1,3-dithiane)
2
(µ-Cl)}][BF
4
]} and {[{Ag(-1,3-
dithiane)
2
{Ag(NO
2
)} -NO
2
)]}

 the chain assembly is also dependent on inter-
cation links as well as intra-cation links . In {[{Ag
2
(µ-1,3-dithiane)
2
(µ-Cl)}][BF
4
]} a 
zig-zag chain is created due to a Cl
–
 anion acting as a µ
4
-bridge linking three cationic 
units. In{[{Ag(-1,3-dithiane)
2
{Ag(NO
2
)} -NO
2
)]}
 
a saw-tooth chain is created 
due to one anion linking two cationic units, and a second anion forming a intra-cation 
bridge. 
The hydrogen bonding motif in carboxylic acids was not replaced in the 
manner expected as the linear silver cations bridge between two 1,3-dithianes in their 
axial rather than their equatorial positions. It can be concluded that Silver(I) salts 
coordinate to 1,3-dithiane in a predictable manner. A [Ag
2
(-1,3-dithiane)
2
]
2+ 
unit 
will be bridged by anions to form a coordination polymer similar to that of 
terephthalic acid. It is the anions that propagates the extended network in a linear 
fashion, not the silver(I) cation. Changing the anion results in subtle differences in the 
coordination polymer formed. 
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2.4 Experimental  
Synthesis of Compound 1 {[{Ag2(1,3-dithiane)2}(NO3)2]} 
0.120 g 1,3-dithiane (0.1 mmol) was dissolved in 5 mL CH
2
Cl
2
 this was then layered 
with 0.170 g AgNO
3
 (0.1 mmol) dissolved in 5 mL CH
3
CN. Colorless crystals 
appeared after three days upon evaporation ( 0.261 g ; 89% crystal yield). Found 
(calc.) for C
4
H
8
AgO
3
NS
2
: C, 16.90% (16.55%); H, 2.80% (2.80%); N, 4.80% 
(4.85%). IR (KBr disc) /cm
–1
: 1262(s), 1178(m), 1035(m), 904(w), 647(w), 519(w). 
Powder patterns for both the bulk powder sample preparation and a ground sample 
from the single crystal preparation were each found to be consistent with the pattern 
calculated from the single crystal structure determination.  
 
Synthesis of Compound 2 {[{Ag2(1,3-dithiane)2}(PF6)2]} 
0.120 g 1,3-dithiane (0.1 mmol) was dissolved in 5 mL CH
2
Cl
2
 this was then layered 
with 0.253 g AgPF
6
 (0.1 mmol) dissolved in 5 mL MeOH. Colorless crystals of 
{[{Ag
2
(1,3-dithiane)
 2
}( -PF
6
)
2
]}

 appeared after two days upon evaporation ( 0.346 
g ; 93% crystal yield). Found (calc.) for C
4
H
8
AgPF
6
S
2
: C, 13.15% (12.90%); H, 
2.20% (2.15%). IR (KBr disc) /cm
–1
: 2927(w), 1740(w), 1418(w), 1387(w), 1311(w), 
1151(w), 1076(w), 913(s), 832(s), 744(w), 667(w), 560(s). A powder pattern of the 
(ground) sample from which the single crystal was obtained confirmed the 
homogeneity of the sample.  
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Synthesis of Compound 3 {[{Ag(BF4)}2(1,3-dithiane)2]} 
0.120 g 1,3-dithiane (0.1 mmol) was dissolved in 5 mL CH
2
Cl
2
 this was then layered 
with 0.194 g AgBF
4
 (0.1 mmol) dissolved in 5 mL MeOH. Colorless crystals of 
{[{Ag
2
(1,3-dithiane)
2
}( BF
4
)
2
]}
 
appeared after three days upon evaporation ( 0.305 g 
; 97% crystal yield). Found (calc.) for C
4
H
8
AgBF
4
S
2
: C, 15.40% (15.25%); H, 2.60% 
(2.55%). IR (KBr disc) /cm
–1
: 2900(w), 1420(w), 1036(vs), 916(w), 885(w), 747(w), 
532(w), 521(w). The powder pattern for the bulk powder sample preparation was 
found to be consistent with the pattern calculated from the single crystal structure 
determination. However, a ground sample from the single crystal preparation 
indicated that this sample was not homogeneous but consisted primarily of the same 
phase as the single crystal determination.  
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2.5 Crystallography 
Single Crystal X-ray diffraction data were collected using graphite 
monochromated Mo-K radiation ( = 0.71073 Å) on a Bruker SMART CCD area 
detector diffractometer. The structures of the compounds were solved by direct 
methods using SHELLXS97 and full-matrix least squares refinement undertaken 
using SHELXL97. All hydrogen atoms were placed in geometrically calculated 
positions and thereafter refined using a riding model. All non-hydrogen atoms were 
refined with anisotropic displacement parameters. All structure diagrams were 
generated using the programs XP and Mercury. All crystal data is in Appendix A. 
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Chapter 3 
Polymers Of Bidentate Nitrogen Based Ligands Co-
ordinated To Group 12 Transition Metals 
3.1 Introduction 
Like terephthalic acid and 1,4-dithiane the nitrogen donor ligand pyrazine can 
coordinate at a 180° angle. Similarly, pyrimidine can coordinate at a 120° angle 
similar to isophthalic acid and 1,3-dithiane, Figure 3.1. In this chapter I will continue 
my discussion of replacing hydrogen bonds with coordination bonds by coordinating 
bidentate nitrogen- based ligands to group 12 transition metals. Although nitrogen 
based ligands have been commonly used as linkers in metallasupramolecular 
chemistry, examples involving group 12 transition metals have been less studied.   
 
 
Figure 3.1. Connectivity of terephthalic acid, isophthalic acid, 1,4-dithiane, 1,3-
dithiane, pyrazine, and pyrimidine.  
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The group 12 transition metals most commonly adopt tetrahedral and 
octahedral coordination geometries when coordinated to ligands in the solid state. 
This is dependent on the sterics of both the ligand and the halide attached to the metal 
i.e. MX
2
. The ionic radii of Zn
2+
 and Cd
2+
 are 0.74Å and 0.97Å respectively. A 
Cambridge structural database search revealed that ZnX
2
 where X is a halogen ligand, 
forms a 6-coordination center in 68 compounds and a 4-coordination center in 1134 
compounds. However CdX
2
 forms a 6 coordination center in 534 compounds and a 4 
coordination center in 373 compounds. It would appear that Zinc(II) centers favor 
tetrahedral geometry and Cadmium(II) centers favor octahedral geometry. A further 
search revealed that the average M-X, Zn-X and Cd-X  bond lengths are 2.41Å, 2.31Å 
and 2.64Å respectively. 
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3.2 Monodentate Ligands coordinated to Zinc(II) halides 
Some examples of monodentate ligands co-ordinated to zinc salts reported by 
Englert
1
 are 3,5-dichloropyridine, 3,5-dibromopyridine and 3,4,5-trichloropyridine. 
The ligands 3,5-dichloropyridine and 3,5-dibromopyridine form a 1D-polymer 
network when reacted with zinc chloride. The ZnCl
2
 units self-assemble through 
halides that doubly bridge two Zn(II) centers, giving octahedral coordination 
geometry around the Zn(II) center, Figure 3.2. 
 
Figure 3.2. The 1D-polymer of ZnCl
2
(NC
5
H
3
Cl
2
)
2
.
1
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However, when Zn(II) is coordinated to the same ligands, 3,5-
dichloropyridine and 3,5-dibromopyridine, but with bromo ligands in place of chloro, 
a discrete assembly is formed where the Zn(II) center has a tetrahedral geometry, 
Figure 3.3. 
 
 
Figure 3.3. Structure of ZnBr
2
(NC
5
H
3
Cl
2
)
2
.
1
 
 
It is believed that the larger bromine atoms coordinated to the Zn(II) center cannot act 
as bridging halides due to steric reasons.
1
 The ligand 3,4,5-trichloropyridine when 
reacted with zinc chloride or zinc iodide also produces a tetrahedral structure, Figure 
3.4. In this case the chlorine atom at the 4-position on the ligand, forms a weak 
halogen to halogen bond with a halogen atom attached to the Zn(II) center.  
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Figure 3.4. Structure of ZnCl
2
(NC
5
H
2
Cl
3
)
2
.
1
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3.2 Bidentate Ligands coordinated to Cadmium(II) and Zinc(II) halides 
Work by Pichardt
2
, and Rogers
3
 has focused on coordinating bifunctional 
aromatic ligands to cadmium iodide.  Structures of the bifunctional ligands, a) 
pyrazine b) 2,5-dimethylpyrazine c) 2,3,5,6-tetramethylpyrazine,  d) 4,4`-bipyridine 
and e) pyrimidine, combined with CdI
2
 have been reported.  
 
 
 
 
 a  b                      c           d                     e 
  
 
 
Structure of the 1:1 2D-polymer network, [CdX
2
(pyrazine)]
∞
  
In the 1:1 complexes of CdX
2 
: pyrazine (where X=I, Br, Cl),
4
 a two 
dimensional polymeric network is formed. The CdX
2
 units self-assemble through 
doubly bridged halides
5
 giving octahedral coordination geometry around the Cd 
center when coordinated to two pyrazine ligands, Figure 3.5. The strength of the 
metal-halide bond decreases as the size of the halide anion increases, therefore the 
cadmium-iodide bridges are weaker than the bromide and chloride analogs.
3
 In the 
[CdI
2
(pyrazine)]
 ∞
 example, the Cd-Cd separation across the iodine bridges is 4.2 Å 
and 7.6 Å across the pyrazines. 
 
N
N
N
N
N N
N
N CH
3
H
3
C N
N CH
3
H
3
C CH
3
H
3
C
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Figure 3.5. [CdI
2
(pyrazine)]
 ∞
 polymeric network.
4,5 
 
Structures of the 1D zigzag chain of [ZnBr
2
(pyrazine)]
 ∞
 and 2D Grid network of 
[ZnBr
2
(pyrazine)
2
]
 ∞
 
Reacting ZnBr
2
 with pyrazine in a 1:1 ratio resulted in [ZnBr
2
(pyrazine)]
 ∞
. 
The Zn(II) center has tetrahedral geometry with the pyrazines adjacent to each other, 
this results in a zigzag chain structure,
6
 Figure 3.6.   
NN
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Figure 3.6. 1D zigzag chain of [ZnBr
2
(pyrazine)]
 ∞
. 
 
When [ZnBr
2
(pyrazine)]
 ∞ 
is reacted with pyrazine in a 1:1 ratio 
[ZnBr
2
(pyrazine)
2
]
 ∞ 
is formed. In [ZnBr
2
(pyrazine)
2
]
 ∞
 
6
 a 2D-grid is formed. The 
zinc metal center has octahedral geometry coordinated to four pyrazines. Two 
bromine atoms do not bridge and are located in the axial position, Figure 3.7. The Zn-
Zn separation is 7.2 Å across the pyrazines, with a Zn-Br distance of 2.6 Å. 
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Figure 3.7. The 2D-polymeric network of [ZnBr
2
(pyrazine)
2
]
 ∞
.
6
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Structure of the 1:1 2D-polymer network, [CdX
2
(4,4`-bipyridine)]
 ∞
 
The crystal structure of [CdI
2
(4,4`-bipyridine)]
 ∞
 has the same topology as 
[CdI
2
(pyrazine)]
 ∞
 ,Figure 3.8. The Cd-Cd separation is 4.2 Å across the iodine 
bridges and 11.8 Å across the 4,4`-bipyridines. These Cd-Cd separations each 
correspond to a unit cell edge length.  
 
 
 
 
 
 
 
 
Figure 3.8. [CdI
2
(4,4`-bipyridine)]
 ∞
 Polymeric network. 
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Structures of the 1D-polymer networks, [ZnBr
2
(4,4`-bipyridine)]
 ∞
, [ZnI
2
(4,4`-
bipyridine)]
 ∞ 
Unlike [CdI
2
(4,4`-bipyridine)]
 ∞
, [ZnBr
2
(4,4`-bipyridine)]
 ∞
 and [ZnI
2
(4,4`-
bipyridine)]
 ∞
 form zig-zag chain structures with a Zn-Zn seperation of 11.2 Å across 
the 4,4`-bipyridines, Figure 3.9. The zinc metal centers have a tetrahedral geometry 
with a Zn-Br distance of 2.6 Å. 
 
Figure 3.9. The polymeric chain of [ZnBr
2
(4,4`-bipyridine)]
 ∞
. 
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Structure of [CdI
2
2,4-dimethylpyrazine)]
 ∞
 
In the case of [CdI
2
(2,4-dimethylpyrazine)]
 ∞
 the cadmium metal centers adopt a 
tetrahedral geometry. This forms a zig-zag tape in and out of the plane, Figure 3.10. 
 
 
 
 
 
 
 
Figure 3.10. The Zig-zag structure of [CdI
2
(2,4-dimethylpyrazine)]
 ∞
. 
 
Structure of [CdI
2
(2,3,5,6-tetramethylpyrazine)]
 ∞
 
The bulkier ligand 2,3,5,6-tetramethylpyrazine, when coordinated to CdI
2
 forms 1D 
polymers through asymmetric metal-halide bridges [Cd-I = 2.8391(5) and 3.0340(4) 
Å]. The metal centers adopt a 5-coordinate geometry with monodentate ligands, and 
do not form an extended network. The terminal nitrogen on the ligands has no 
interaction with the adjacent polymer. The polymers interdigitate through stacking 
interactions between the ligands and form a layered structure, Figure 3.11. 
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Figure 3.11. Crystal structure of [CdI
2
(2,3,5,6-tetramethylpyrazine)]
 ∞
 showing 
interaction between layers. 
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Structure of the 1:1 2D-polymer network, [CdX
2
(pyrimidine)]
 ∞
3 
The crystal structure of [CdX
2
(pyrimidine)]
 ∞
 is similar to both the 
[CdI
2
(pyrazine)]
 ∞ 
and [CdI
2
(4,4`-bipyridine)]
 ∞
 in that the pyrimidines are linked via 
cadmium-iodide bridges. The 120° angle of the pyrimidine creates a zig-zag tape 
structure, Figure 3.12. The Cd-Cd separations are 4.2Å across the halide bridge and 
6.1Å across the pyrimidines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.12. [CdX
2
(pyrimidine)]
 ∞
 polymeric network.
3 
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Structures of pyrimidine coordinated to ZnBr
2
 and ZnI
2
 
Nather et al. have reacted ZnBr
2
 and ZnI
2
 with pyrimidine
7,8
 to produce chains 
of ZnX
2
L
2
 tetrahedral units coordinated by bridging pyrimidines. They found that by 
heating this compound several other arrangements were possible. The Zn(II) metal 
center remains in a tetrahedral arrangement to form a (ZnX
2
)(pyrimidine)chain, 
Figure 3.13., a (ZnX
2
)
4
(pyrimidine)
4 
square, Figure 3.14., and a (ZnX
2
)
3
(pyrimidine)
3 
ring, Figure 3.15. 
 
Figure 3.13. (ZnI
2
)(pyrimidine) polymeric chain.
7 
 
Figure 3.14. (ZnI
2
)
4
(pyrimidine)
4 
square.
7 
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Figure 3.15.  (ZnI
2
)
3
(pyrimidine)
3 
ring.
7 
 
We postulated that with the predominant tetrahedral coordination geometry of 
Zn metal that it is possible to form a cyclic assembly such as a metalacalixarene
9
 
10
when coordinated to a 1,3 connecting ligand, Figure 3.16.  
 
 
 
            c.f. 
 
 
 
 
Figure 3.16. Comparison of calixarene with postulated metalacalixarene. 
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To investigate this idea, zinc chloride was allowed to react with  1,3 bidentate 
ligands in order to see if the resulting structure was indeed the metalacalixarene. Here 
I report the structures formed when the ligands e) pyrimidine f) 4,6-
dimethylpyrimidine and g) 2-hydroxy-4,6-dimethylpyrimidine are coordinated to zinc 
chloride. 
 
 
 
 
   f            g 
N N
CH
3
H
3
C
N N
CH
3
H
3
C
OH
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3.3 Results 
Structure of the 1:1 2D-polymer network, Compound 4 [ZnCl
2
(pyrimidine)]
 ∞
 
The [CdI
2
(pyrimidine)]
 ∞
 and compound 4 [ZnCl
2
(pyrimidine)]
 ∞
 compounds 
are isostructural with each other. The pyrimidine is linked through metal-halide 
bridges creating a zig-zag tape structure similar to that of isophthalic acid,
11
 Figure 
3.17. and Figure 3.18. 
 
 
Figure 3.17. Crystal structure of Compound 4 [ZnCl
2
(pyrimidine)]
 ∞ 
showing metal-
halide bridge`s. 
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Figure 3.18. Crystal structure of Compound 4 [ZnCl
2
(pyrimidine)]
 ∞ 
showing aligning 
chains. 
 
The Zn-Zn  separations are 3.6 Å and 6.1 Å across the halide bridge and pyrimidines 
respectively. The Zn-Zn separation between the corrugated sheets is 7.075 Å. 
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Structure of the 1:1 2D-polymer network, compound 5 [ZnCl
2
(4,6-
dimethylpyrimidine)]
 ∞
 
The Zn metal center has a tetrahedral geometry in compound 5 [ZnCl
2
(4,6-
dimethylpyrimidine)]
 ∞
, giving a zig-zag chain structure going in and out of the plane. 
The Zn-Zn separation is 5.795 Å across the pyrimidines, Figure 3.19. 
 
 
Figure 3.19. Crystal structure of Compound 5 [ZnCl
2
(4,6-dimethylpyrimidine)]
 ∞
 
showing a zig-zag chain structure. 
 
The tapes lie on top of each other with a Zn-Zn separation of 6.416 Å between layers, 
Figure 3.20. The Cl atoms point to a Zn atom on the layer above [(Zn)Cl---Zn = 4.25 
Å].  
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Figure 3.20. Crystal structure of compound 5 [ZnCl
2
(4,6-dimethylpyrimidine)]
 ∞
 
showing stacking between chains. 
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Structure of Compound 6[ZnCl
2
(2-hydroxy-4,6-dimethylpyrimidine)(H
2
O)] 
Compound 6, ZnCl
2
(2-hydroxy-4,6-dimethylpyrimidine)(H
2
O)], forms a 
discrete assembly. The zinc metal center has tetrahedral geometry, however a water 
molecule replaces a bridging ligand. The water molecule blocks any possibility of the 
formation of either a polymeric structure or a cyclic assembly. The ligand also 
tautomerises to the amide form, in the process eliminating one of the nitrogen centres 
as a coordination site, Figure 3.21. 
 
 
 
 
Figure 3.21. Tautomerisation of 2-hydroxy-4,6-dimethylpyrimidine. 
 
N N
OH
NHN
O
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Figure 3.22. Crystal structure of Compound 6 [ZnCl
2
(2-hydroxy-4,6-
dimethylpyrimidine)(H
2
O)]. 
 
An NH---Cl interaction (r
H---Cl
= 2.44 Å ) occurs between an N-H group in one 
molecule to a Cl-Zn group in a neighboring molecule, Figure 3.24. Likewise a water 
O-H group on one molecule interacts with a C=O ketone group on a neighboring 
molecule to give a OH---O interaction (r
H---O
= 1.781 Å), Figure 3.23. 
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Figure 3.23. Crystal structure of compound 6 [ZnCl
2
(2-hydroxy-4,6-
dimethylpyrimidine)(H
2
O)] showing O-H---O interaction between molecules. 
 
 
Figure 3.24. Crystal structure of compound 6 [ZnCl
2
(2-hydroxy-4,6-
dimethylpyrimidine)(H
2
O)] showing N-H---Cl-Zn interaction between molecules. 
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3.4 Discussion 
[CdI
2
(pyrimidine)]
n
 and compound 4 [ZnCl
2
(pyrimidine)]
n
 compounds are 
isostructural with each other. The pyrimidine is linked through metal-halide bridges 
creating a zig-zag tape structure. The Zinc(II) center has the less common octahedral 
coordination geometry. The Zn-Zn  separations are 3.6 Å and 6.1 Å across the halide 
bridge and pyrimidines respectively, compared to  4.2 Å and 6.5 Å in 
[CdI
2
(pyrimidine)]
n
. The shorter separations are due to the stronger metal-halide 
interaction between the Zn and Cl (Zn-Cl = 2.483 Å , Cd-I = 2.953 Å) . 
Compound 5 [ZnCl
2
(4,6-dimethylpyrimidine)]
n
 has a similar structure to 
[CdI
2
2,4-tetramethylpyrazine)]
n
. They both form zig-zag tapes in and out of the plane, 
due to a tetrahedral geometry around the metal center, with no additional metal-halide 
interactions. Compound 6 [ZnCl
2
(2-hydroxy-4,6-dimethylpyrimidine)(H
2
O)] forms a 
discrete assembly due to tautomerization of the ligand. The metal center has 
tetrahedral geometry.  Both compounds have tetrahedral geometry around the metal 
centers, however they do not form cyclic assemblies as postulated in the introduction.  
In comparison of Rogers`, Pickardt`s and Bailey`s work along with my own, 
results indicate that both zinc chloride and cadmium iodide complexes with simple 
unsubstituted bifunctional ligands form predictable and controllable two-dimensional 
grids. The formation of the metal halide bridges requires the face-face stacking of the 
aromatic ligands. Substituted bifunctional ligands, however, have the added steric 
bulk and cannot form face-face stacking, giving a different coordination geometry of 
the metal halides. 
 72 
There are no known examples of ZnBr
2 
forming halide bridging interactions. 
The metal center appears to prefer the tetrahedral geometry as shown in 
ZnBr
2
(NC
5
H
3
Cl
2
)
2
, [ZnBr
2
(4,4`-bipyridine)]
n
 and octahedral as shown in 
[ZnBr
2
(pyrazine)]
n
 with no halide bridging  interactions. 
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3.6 Experimental 
Synthesis of Compound 4 [ZnCl2(pyrimidine)] ∞ 
0.6814 g ZnCl
2
 (0.1 mmol) was dissolved in 50 mL absolute EtOH. 0.4009 g of  
C
4
N
2
H
4
 (0.1 mmol) was added directly to the solution . 4 mL of Triethylorthoformate 
was then added to remove traces of water. The solution was refluxed under argon for 
20 hrs. A white powder formed. Colorless crystals appeared after two weeks upon 
recrystalization under slow evaporation of 20 mL absolute EtOH. Found (calc.) for 
C
4
H
4
N
2
ZnCl
2
: C, 22.20% (22.46%); H, 1.86% (1.91%); N, 12.95% (12.85%). A 
powder pattern of the (ground) sample from which the single crystal was obtained 
confirmed the homogeneity of the sample. 
 
Synthesis of Compound 5 [ZnCl2(4,6-dimethylpyrimidine)] ∞ 
0.6814 g ZnCl
2
 (0.1 mmol) was dissolved in 50mL absolute EtOH. 0.5407 g of  
C
6
N
2
H
8
 (0.1 mmol) was added directly to the solution. 4 mL of Triethylorthoformate 
was then added to remove traces of water. The solution was refluxed under argon for 
20 hrs. A white powder formed after solvent was evaporated. Colorless crystals 
appeared after two weeks upon recrystalization under slow evaporation of 10 mL 
absolute EtOH. Found (calc.) for C
6
H
8
N
2
ZnCl
2
: C, 29.48% (30.21%); H, 3.30% 
(3.51%); N, 11.46% (11.44%).  
 
 
 
 74 
 
Synthesis of Compound 6 [ZnCl2(2-hydroxy-4,6-dimethylpyrimidine)(H2O)] 
0.6814 g ZnCl
2
 (0.1 mmol) was dissolved in 50 mL absolute EtOH. 0.6207 g of  
C
6
N
2
O
1
H
9
 (0.1 mmol) was dissolved in 20 mL absolute EtOH and added to the  
ZnCl
2
 solution. 4 mL of Triethylorthoformate was then added to remove traces of 
water. The solution was refluxed under argon for 20 hrs. A red solid formed after 
solvent was evaporated. Red crystals appeared after two weeks upon recrystalization 
under slow evaporation of absolute EtOH. 
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3.7 Crystallography 
Single Crystal X-ray diffraction data were collected using graphite 
monochromated Mo-K radiation ( = 0.71073 Å) on a Bruker SMART CCD area 
detector diffractometer. The structures of the compounds were solved by direct 
methods using SHELLXS97 and full-matrix least squares refinement undertaken 
using SHELXL97. All hydrogen atoms were placed in geometrically calculated 
positions and thereafter refined using a riding model. All non-hydrogen atoms were 
refined with anisotropic displacement parameters. All structure diagrams were 
generated using the programs XP and Mercury. All crystal data is in Appendix A. 
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Chapter 4 
Extended networks based on Silver(I) 
carboxylates 
4.1 Introduction 
Silver(I) is an interesting metal as it can adopt a variety of coordination 
geometries.
1,2
 The most common coordination number is two, with linear geometry, 
but Ag(I) has been known to form trigonal
3
, T-shaped
4
, tetrahedral
5
, octahedral
6
 and 
even square planar complexes.
7
 Silver(I) is frequently used in engineering crystal 
systems, and due to its predominantly linear nature one could predict that when 
coordinated to a linear connecting ligand, a linear connecting polymer would result. 
Likewise when a more angular connecting ligand is used a zig-zag chain is predicted, 
Figure 4.1. 
 
Figure 4.1. Molecular structures of {[Ag(4,4’-bipyridine)]
+
}
∞
 and                              
{[Ag(3,3’-bipyridine)]
+
}
∞ 
cationic chains. 
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This approach has been used to create loops, interwoven strands, and other 
extended networks.
8
  In this chapter I will explore the coordination of bent nitrogen 
based ligands to silver(I) trifluoroacetate. 
 
It has been illustrated that silver(I) carboxylates are similar dimeric motifs to 
the well studied dimerization of carboxylic acids, H
2
(RCO
2
)
2
,
9
 Figure 4.2. 
 
 
Figure 4.2. Similar dimeric structural motifs of carboxylic acids and 
silver(I) carboxylates.
9
 
 
The symmetric carboxylic acid dimer is a recurring interaction in the field of 
organic crystal engineering.
10
 The dimer is also observed in organometallic 
systems.
11,12,13,14
 The structure of trifluoroacetic acid shows the head-to-head 
hydrogen bonded dimer frequently observed in organic carboxylic acids, Figure 4.3. 
 
 
Figure 4.3. Crystal Structure of trifluoroacetic acid.
10
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O
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It has been shown that Ag
+
 will substitute for H
+
 as a bridge between 
carboxylate anions.
15
 The structure of silver trifluoroacetate
16,17
 is similar to the 
structure of trifluoroacetic acid with Ag
+
 ions replacing H
+
, Figure 4.4.  
  
Figure 4.4. Crystal structure of silver(I) trifuoroacetate.
16,17 
Because Ag
+ 
often has tetrahedral coordination geometry the coordination 
sphere of the Ag
+
 ions is sometimes not satisfied by just two oxygen atoms and 
additional coordination to the ions is required. The additional coordination sites are 
taken up by oxygen atoms on neighboring dimers leading to polymeric or oligomeric 
structures. These additional coordination sites may be occupied by other ligands, 
Figure 4.5. 
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Figure 4.5. Bridging motif found in silver carboxylates. 
 
The carboxylate group can coordinate to metal centers or hydrogen bond through both 
syn and anti lone pairs, allowing a number of bonding modes, Figure 4.6. 
 
 
 
 
 
 
Figure 4.6. Available electron lone pairs on the carboxylic group. 
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Following a CSD search it was found that a total of six coordination modes are 
known for silver(I) carboxylates, Figure 4.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7. The different bridging modes of silver carboxylates. 
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2D-polymer networks of [Ag (CF
3
CO
2
)(DABCO)
2
]
n 
18,19
,
[Ag (CF
3
CO
2
)(pip)
2
]
n
19
,  
[Ag (CF
3
CO
2
)(TMP)
2
]
n 
18,19
, 
[Ag (CF
3
CO
2
)(TrMP)
2
]
n
19
 
,
 
[Ag (CF
3
CO
2
)(2,6-
DMP)
2
]
n
19
,[Ag (CF
3
CO
2
)(2,5-DMP)
2
]
n 
19
and [Ag (CF
3
CO
2
)(Pyrazine)
2
]
n
18,19 
 
Brammer and coworkers
18,19
 have shown that when the ligands 1,4-
diazabicyclo[2.2.2]octane (DABCO) piperazine (pip), tetramethylpyrazine (TMP), 
trimethylpyrazine (TrMP), 2,6-dimethylpyrazine (2,6-DMP) are reacted with silver 
trifluoroacetate 2D networks are formed. All of these networks are similar in nature. 
In all examples a Ag
2
(CF
3
CO
2
)
2
 dimer is formed, with two silver centers being 
bridged by a single oxygen atom from each of the two carboxylate ligands. The 
oxygen is bonded to one Ag
+
 center through its syn lone pair and the other Ag
+
 center 
through its anti lone pair, Mode III in Figure4.7. An example of this is[Ag 
(CF
3
CO
2
)(DABCO)
2
]
n
,
18,19
 Figure 4.8. 
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Figure 4.8. The Ag
2
(CF
3
CO
2
)
2
(DABCO)
4
 dimer showing a single oxygen bridging 
mode.
18,19 
 
 
 
 
 
 84 
In [Ag (CF
3
CO
2
)(DABCO)
2
]
n
 the dimers are linked via the DABCO ligand to form a 
grid of rhomboids, Figure 4.9.  
 
 
 
Figure 4.9 Layer formed of [Ag (CF
3
CO
2
)(DABCO)
2
]
n.
18,19 
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Layers of the network are stacked above each other in a staggered arrangement, 
Figure 4.10.  
 
Figure 4.10. Two layers of [Ag (CF
3
CO
2
)(DABCO)
2
]
n.
18,19 
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When the Ligands  2,5-dimethylpyrazine (2,5-DMP) and pyrazine are reacted 
with silver trifluoroacetate, 2D-tiled rhomboid structures are formed somewhat 
similar to the previous examples. These two ligands however have some slightly 
differing attributes 
In [Ag (CF
3
CO
2
)(2,5-DMP)
2
]
n
19
  
the silver carboxylate motif is different to the 
previous examples. A carboxylate anion chelates each silver center by bonding via 
the syn lone pairs of the two oxygen atoms. An assembly is created due to the anti 
lone pair interacting with neighboring silver centers, mode IV in Figure 4.7.  This 
creates a 1-D carboxylate chain causing the layers to stack on each other, Figure 4.11. 
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Figure 4.11.  A Ag(CF
3
CO
2
)(2,5-DMP) 1-D chain.
19 
 
The 1-D chains are linked via the 2,5-DMP ligand to form a grid of rhomboids, 
Figure 4.12. 
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Figure 4.12 A layer of the 2-D polymer network [Ag (CF
3
CO
2
)(2,5-DMP)
2
]
n.
19 
 
The layers stack on top of each other due to the silver atoms lying above and below 
each other in the bridging mode, Figure 4.13. 
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Figure 4.13. Two layers of the 2-D polymer network [Ag(CF
3
CO
2
)(2,5-DMP)
2
]
n.
19 
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[Ag (CF
3
CO
2
)(pyrazine)
2
]
n,
18.19
 Figure 4.14, adopts a similar structure to 
[Ag(CF
3
CO
2
)(2,5-DMP)
2
]
n
 . The silver carboxylate interaction is the same although 
there is a stronger interaction in this case, resulting in a slightly different bridging 
mode, VI in Figure 4.7.  
 
Figure 4.14. A Ag(CF
3
CO
2
)(pyrazine) 1-D chain.
18,19 
 
The 1-D chains connect through the pyrazine ligands forming the same 2-D 
rhombohedral network as [Ag (CF
3
CO
2
)(2,5-DMP)
2
]
n , 
likewise
 
the layers directly 
stack on each other. 
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I have synthesized solids containing the monodentate ligands 3,5-lutidine, 3,4-
lutidine, and 2,4-lutidine coordinated to silver(I) trifluoroacetate, Figure 4.15. 
Discrete assemblies are formed and will be presented in this chapter. 
 
Figure 4.15. Structures of 3,5-lutidine, 3,4-lutidine, and 2,4-lutidine. 
We continue to be interested in the analogy between organic assemblies and 
the replacement of H
+
 with Ag
+
 and the effect on the overall structure. Hamilton
20
 has 
shown that isophthalic acid can be assembled into a hexameric ring by substitution of 
a (large) decyloxy group at the 5-position on the arene ring.
 
Subsequent work by 
Müllen
21
 indicates that 5-alkoxyisophthalic acids form either the ring or the zig-zag 
tape structure depending upon alkyl chain length, Figure 4.16.
 
The key to these 
structural arrangements lies in accommodating the hydrogen bonding interactions and 
the efficient packing of the alkyl chains. 
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Figure 4.16. Self assembly of 5-alkoxyisophthalic acids into a zig-zag tape or 
hexameric ring. 
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The hexameric assembly (n=7-12) has alternate chains oriented above and 
below the plane of the rings. The inside of each ring is occupied by the chains of 
neighboring rings from above and below the plane of the ring. For the zig-zag tape 
structure (n<7, n>12) the chains are aligned. This structure occurs when the alkyl 
chains are either too long or too short to efficiently fill space in the hexameric ring.  
Here again we have a reproducible, reliable motif in hydrogen-bonded organic 
structures.  Can we reproduce the motifs using coordination chemistry? By adding a 
chain to the 5 position on the pyrimidine one creates a molecule that would be 
isostructural to the 5-alkoxyisophthalic acids synthesized by Müllen, Figure 4.17. The 
common linear coordination of silver(I) would give an  N-Ag-N link analogous to the 
linear carboxyl-carboxyl hydrogen bonded link in the isophthalic acids. 
 
 
 
 
 
 
 
Figure 4.17. Structurally analogous pyrimidine and 5-alkoxyisophthalic acid. 
 
 I have prepared a number of 5-alkynylpyrimidine derivatives with a view to 
exploring potentially analogous assemblies achieved via their coordination to Ag
+
 
ions. Due to the availability of convenient pyrimidine starting materials we have 
N N
R
R
O
O OH
HO
 94 
chosen to prepare 5-alkynylpyrimidines rather than 5-alkoxy derivatives, Figure 4.18. 
The alkynyl derivative has the added flexibility that it may be hydrogenated to the 
alkenyl and alkyl derivative for additional structural variety. 
 
 
 
 
 
Figure 4.18. Synthetic route to 5-alkynyl-pyrimidines. 
 
This chapter will focus on the coordination of 5-alkynyl-pyrimidines to silver 
trifluoroacetate, to see what effect chain length has on the assembly formed.  
 
 
 
 
 
 
 
 
 
 
 
            
N N
Br
H
R
R
N
N
(i)PdCl
2
(PPh
3
)
2
(ii)Et
2
NH
(iii)CuI
+
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4.2 Results 
4.2.1 Descrete structures of compound 7 Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4 
 , 
compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
 and compound 9 Ag
2
(CF
2
CO
2
)
2
(2,4-
lutidine)
3
  
One of the first examples to be studied was the reaction of 3,5-lutidine with 
silver(I) triflouroacetate in a 2:1 ratio to give the complex compound 7  
Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4
. This demonstrates the carboxylate promoted silver-
silver bridge, Figure 4.19.  
Figure 4.19. Crystal structure of compound 7 Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4.
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Due to the monodentate nature of the ligand, a discrete complex was formed. The 
carboxylate ligands have adopted a coordination mode I in Figure 4.7. and Figure 
4.20. Each carboxylate interacts with one silver center using the syn lone pairs of both 
oxygens while the anti lone pair on one oxygen provide the bridging to the other 
silver center.  
 
 
Figure 4.20. Bridging mode in compound 7 Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4.
 
Likewise compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
 forms a similar complex, Figure 
4.21. 
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Figure 4.21. The crystal structure of compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
. 
In this example, the syn lone pair on one oxygen of the carboxylate interacts with 
both silvers to give the coordination mode III in Figure 4.7. and Figure 4.22. 
 
Figure 4.22. Bridging mode in compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
. 
 
A third lutidine structure was also made using the 2,4-lutidine, this though 
forming the carboxylate promoted silver-silver bridge, only had three ligands to two 
silvers and two triflouroacetates to give the complex compound 9 Ag
2
(CF
2
CO
2
)
2
(2,4-
lutidine)
3
, Figure 4.23. 
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Figure 4.23. The crystal structure of compound 9 Ag
2
(CF
2
CO
2
)
2
(2,4-lutidine)
3
. 
Unlike the previous two lutidine examples, where the two ligands lie above 
each other, one silver contains two ligands while the other silver contains one at a 
twisted angle. This is probably because of the methyl group at the 2-position on the 
ligand causing steric interference, resulting in twisting to accommodate the extra 
bulk. The silver-silver interaction appears to be promoted by only one carboxylate 
anion interacting through the anti lone pairs on the oxygens. The other carboxylate 
interacts with one silver through the anti lone pair on one oxygen. The other oxygen 
very weakly interacts with the other silver(I) ion.  
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4.2.2. Extended assemblies of compound 10 [Ag
2
(5-pyrimidyl-
pentyne)
2
(CF
3
CO
2
)
2
]
n
 and compound 11 [Ag
2
(5-pyrimidyl-hexyne)
2
(CF
3
CO
2
)
2
]
n
 
The structures of compound 10 [Ag
2
(5-pyrimidyl-pentyne)
2
(CF
3
CO
2
)
2
]
n
 and 
compound 11 [Ag
2
(5-pyrimidyl-hexyne)
2
(CF
3
CO
2
)
2
]
n 
are isostructural with each 
other. The basic assembly is a zig-zag tape structure reminiscent of one form of the 5-
alkoxyisophthalic acid structure and of isophthalic acid itself, and also observed for 
the simple pyrimidine structure [Ag(pyrimidine)]BF
4
.H
2
O, Figure 4.24. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.24. Zig-zag tape structure of compound 11 [Ag
2
(5-pyrimidyl-
hexyne)
2
(CF
3
CO
2
)
2
]
n
. 
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The distance from Ag(1) to Ag(1’) and from Ag(2) to Ag(2’) is 11.49 A. The zig-zag 
tapes are linked through silver-silver interactions promoted by carboxylate anions. 
Two different interactions take place, one between Ag(1) and Ag(1) on a tape above 
and below with a Ag(1)---Ag(1) distance of 3.36 A, and one between Ag(2) and 
Ag(2) on a tape above and below with a Ag(2)---Ag(2) distance of 3.16 A, Figure 
4.25. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.25. Two separate Ag---Ag interactions in compound 11 [Ag
2
(5-pyrimidyl-
hexyne)
2
(CF
3
CO
2
)
2
]
n
. 
 
The 2D polymeric network created from the silver-silver interactions and the zig-zag 
chain forms a `brick wall` type structure, Figure 4.26. The structure is similar to that 
of [Ag(pyrimidine)]BF
4
•H
2
O, where Ag-Ag contacts are supported by H
2
O molecules 
as opposed to (CF
3
CO
2
) anions. 
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Figure 4.26. A Brickwall type structure seen in compound 11 [Ag
2
(5-pyrimidyl-
hexyne)
2
(CF
3
CO
2
)
2
]
n
. 
 
It is also shown that the structure demonstrates -stacking of the pyrimidine rings, 
while interlocking alkynyl chains provide the link between parallel ‘walls’, Figure 
4.27.  
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Figure 4.27. -stacking of the pyrimidine rings and interlocking alkynyl chains in 
compound 11 [Ag
2
(5-pyrimidyl-hexyne)
2
(CF
3
CO
2
)
2
]
n
. 
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4.3 Discussion 
 The examples presented in this chapter all have the same Ag
2
 (CF
3
CO
2
)
 2
 
structural motif where two silver cations are bridged by two carboxylate anions. In all 
the compounds presented the cations are bridged by both oxygen atoms in the 
carboxylate anion via the syn lone pairs, with the exception of Ag
2
(CF
2
CO
2
)
2
(3,4-
lutidine)
4
. In Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4 
the cations are bridged by the syn lone pair 
of only oxygen atom. In the organic case, the chain length of the alkoxyisophthalic 
acid dictates whether  a tape or cyclic assembly is produced.  In [Ag
2
(5-pyrimidyl-
hexyne)
2
(CF
3
CO
2
)
2
]
n
, and [Ag
2
(5-pyrimidyl-pentyne)
2
(CF
3
CO
2
)
2
]
n 
 the assembly 
created is similar to that of 5-alkoxyisophthalic acid in its tape form, so the organic-
inorganic analogy holds in these two casesAs the 5-alkynyl-pyrimidines with longer 
chain lengths reacted with silver trifluoroacetate would not crystallize, there is not 
sufficient data to clarify if this is the only type of assembly produced. However, it 
would appear unlikely for a cyclic assembly to be created in the inorganic system due 
to the bridging nature of the carboxylate anions. One of the anions would cause steric 
hindrance and block the formation of the cavity of a cyclic assembly. In conclusion, it 
appears that only the tape assembly analogous of 5-alkoxyisophthalic acid is likely, 
and the assembly is not dependent on the chain length of the 5-alkynyl-pyrimidine. 
 In Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
 has the coordination mode is III from Figure 
4.7. Whereas Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4
, Ag
2
(CF
2
CO
2
)
2
(2,4-lutidine)
4
, [Ag
2
(5-
pyrimidyl-hexyne)
2
(CF
3
CO
2
)
2
]
n
, and [Ag
2
(5-pyrimidyl-pentyne)2(CF
3
CO
2
)
2
]
n
 all 
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have the coordination mode I. This illustrates predictability in designing future 
networks. 
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4.4 Experimental 
Synthesis of 5-Pyrimidyl-pentyne 
A 250 mL flask equipped with an argon inlet was charged with 70 mg of 
PdCl
2
(PPh
3
)
2 
and flushed with argon. 3.17 g of 5-Bromopyrimidine, 1.50 g of 1-
pentyne, and 30 mL of diethylamine were successfully added. 38 mg of copper(I) 
iodide was added and the reaction mixture was stirred for 20 hours at room 
temperature. A yellow color changed to brown over the 20 hours, and a colorless 
precipitate formed. The solvent was evaporated, and the residue was extracted with 
ether and dried with Na
2
SO
4
. The crude product was purified by flash 
chromatography (hexane: ethyl acetate 9:1). 79% Yield. 
 
Synthesis of 5-Pyrimidyl-hexyne  
A 250 mL flask equipped with an argon inlet was charged with 70 mg of 
PdCl
2
(PPh
3
)
2 
and flushed with argon. 3.17 g of 5-Bromopyrimidine, 1.64 g of 1-
hexyne, and 30 mL of diethylamine were successfully added. 38 mg of copper(I) 
iodide was added and the reaction mixture was stirred for 20 hours at room 
temperature. A yellow color changed to brown over the 20 hours, and a colorless 
precipitate formed. The solvent was evaporated, and the residue was extracted with 
ether and dried with Na
2
SO
4
. The crude product was purified by flash 
chromatography (hexane: ethyl acetate 9:1). 83% Yield. 
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Synthesis of Compound 7 Ag(CF3CO2)(3,5-lutidine)2  
0.214 g 3,5-lutidine(0.2 mmol)  was dissolved in 5 mL EtOH this was then mixed 
with 0.221 g AgCF
3
CO
2
 (0.1 mmol) dissolved in 5 mL EtOH. Colorless crystals 
appeared after 2 days upon slow evaporation (0.196 g ; 45% crystal yield). Found 
(calc.): C, 43.87% (44.16%); H, 4.12% (4.17%); N, 6.33% (6.44%). 
 
Synthesis of Compound 8 Ag(CF3CO2)(3,4-lutidine)2  
0.214 g 3,4-lutidine(0.2 mmol)  was dissolved in 5 mL EtOH this was then mixed 
with 0.221 g AgCF
3
CO
2
 (0.1 mmol) dissolved in 5 mL EtOH. Colorless crystals 
appeared after 2 days upon slow evaporation ( 0.243 g ; 56% crystal yield). Found 
(calc.): C, 43.38% (44.16%); H, 4.09% (4.17%); N, 6.24% (6.44%). 
 
Synthesis of Compound 9 Ag(CF3CO2)(2,4-lutidine)2  
0.214 g 2,4-lutidine(0.2 mmol)  was dissolved in 5 mL EtOH this was then mixed 
with 0.221 g AgCF
3
CO
2
 (0.1 mmol) dissolved in 5 mL EtOH. Colorless crystals 
appeared after 2 days upon slow evaporation ( 0.217 g ; 50% crystal yield). Found 
(calc.): C, 41.22% (44.16%); H, 3.80% (4.17%); N, 5.85% (6.44%). 
 
Synthesis of Compound 10 [Ag(C
9
N
2
H
10
)(CF3CO2)] n 
0.146 g 5-pyrimidyl-1-pentyne, C
9
N
2
H
10
 (0.1 mmol) was dissolved in 10 mL EtOH 
this was then mixed with 0.221 g AgCF
3
CO
2
 (0.1 mmol) dissolved in 10 mL EtOH. 
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Colorless crystals appeared after three days upon evaporation ( 0.130 g ; 35% crystal 
yield). Found (calc.) : C, 32.85% (36.07%); H, 2.53% (2.75%); N, 6.30% (7.65%).  
 
Synthesis of Compound 11 [Ag(C10N2H12)(CF3CO2)] n  
0.160 g 5-pyrimidyl-1-hexyne, C
10
N
2
H
12
 (0.1 mmol) was dissolved in 10 mL EtOH 
this was then mixed with 0.221 g AgCF
3
CO
2
 (0.1 mmol) dissolved in 10 mL EtOH. 
Colorless crystals appeared after three days upon evaporation ( 0.198 g ; 52% crystal 
yield). Found (calc.): C, 37.72% (37.82%); H, 2.86% (3.17%); N, 7.25% (7.35%).  
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4.5 Crystallography 
Single Crystal X-ray diffraction data were collected using graphite 
monochromated Mo-K radiation ( = 0.71073 Å) on a Bruker SMART CCD area 
detector diffractometer. The structures of the compounds were solved by direct 
methods using SHELLXS97 and full-matrix least squares refinement undertaken 
using SHELXL97. All hydrogen atoms were placed in geometrically calculated 
positions and thereafter refined using a riding model. All non-hydrogen atoms were 
refined with anisotropic displacement parameters. All structure diagrams were 
generated using the programs XP and Mercury. All crystal data is in Appendix A. 
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Chapter 5 
Supramolecular rectangles forming 2-D networks 
based on 5-alkynyl-pyrimidine and silver(I) nitrate 
5.1 Introduction 
The field of crystal engineering has included the design and formation of 
molecular aggregates of different molecular shape, such as squares,
1,2
  hexamers
3
 
rectangles
4
 and even recently spheres.
5
 The possibilities of host-guest interactions and 
luminescence are some of the applications that have been studied involving these 
aggregates. 
Fujita
2
 and Stang
1
 have extensively studied platinum(II) and palladium(II) 
based molecular squares. The squares take advantage of the square planar nature of 
the Pt(II) and Pd(II) metal centers to form the corners and linear bidentate ligands 
such as 4,4-bipyridine to form the sides, Figure 5.1. 
 
 
 
 
 
 
 
Figure 5.1. Pt(II) and Pd(II) based molecular squares. 
L 
L 
M 
N 
N 
N 
N 
N N 
N N 
L 
L 
M 
L 
L 
M 
L 
L 
M 
M=Pt(II),Pd(II) 
L-L=Ph 2 PCH 2 CH 2 CH 2 PPh 2 
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By having a strong bidentate ligand attached to the metal center, the linear ligands 
connect in a mutually cis arrangement, at 90° to each other, permitting self-assembly 
into a supramolecular square. The linear bipyridine ligands are oriented perpendicular 
to the plane of the supramolecular square. These have demonstrated the ability to host 
guest molecules, such as small aromatic molecules, where the aromatic rings on the 
sides of the square interact with the guest. 
Rogers
7
 has shown that AgNO
3 
coordinates to pyrimidine forming molecular 
“square”, Figure 5.2. This square is different from the Pt(II) and the Pd(II) squares 
prepared by Fujita and  Stang because of the difference in the incident angle 
(α=120°). In addition the ligands now forms the corners, while the metal forms the 
sides of the square. The anions lie in the cavity of the squares in the layers above and 
below, and - stacking is responsible for holding the layers together.   
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Figure 5.2. Crystal structure of Ag
4
(pyrimidine)
4
(NO
3
)
4
. 
Rogers has shown that by varying the anion in the silver salt, different 
supramolecular arrays can be formed. For example, with AgReO
4
, the same 
molecular square as in the nitrate case is formed, however each square is bridged to 
another by two ReO
4
-
 anions, forming a coordinated layer, Figure 5.3. 
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Figure 5.3. Assembly created by reacting AgReO
4 
with pyrimidine(1:1).
7
 
Similarly, with AgClO
4
, the molecular square remains intact. In this case the 
squares are connected through a primidine-silver-pyrimidine linkage to form a zig-
zag coordination layer, Figure 5.4.  
 
Figure5.4. Assembly created by reacting AgClO
4
 with pyrimidine(1:1) with the 
perchlorate anions show some disorder.
7
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We continue to be interested in the analogy between organic assemblies, and 
the replacement of H
+
 with Ag
+
, and the effect on the overall structure. Like in 
Chapter 4, 5-alkynylpyrimidines have been prepared to mimic 5-alkoxyisophthalic 
acids, Figure 5.5. The work presented in this chapter will focus on the coordination of 
the 5-alkynyl-pyrimidines to silver(I)nitrate, and to see what the effect varying the 
chain length has to the assembly. 
 
 
 
Figure 5.5. Structurally analogous 5-alkynylpyrimidine and 5-alkoxyisophthalic acid. 
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5.2 Results 
5.2.1. The crystal structures of compounds 12, 13, 14, and 15 [Ag
4
L
4
](NO
3
)
4  
where L=5-octynyl, 5-nonynyl, 5-decynyl and 5-dodecynylpyrimidine. 
The structures obtained from 5-octynyl, 5-nonynyl, 5-decynyl and 5-
dodecynylpyrimidine with AgNO
3
 are essentially isostructural. The components 
assemble into a cationic molecular rectangle containing four metal centers and four 
ligands, Figure 5.6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.6. The crystal structure of compound 14 Ag
4
(5-decynyl-pyrimidine)
4
(NO
3
)
4
. 
 
 
 117 
 
Half of the rectangle is crystallographically independent. One of the unique 
alkyl chains adopts an all-anti conformation the other contains one carbon with a 
gauche conformation. All alkynyl chains lie in the plane of the rectangle, Figure 5.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure5.7. Stacking between layers in compound 14 Ag
4
(5-decynyl-
pyrimidine)
4
(NO
3
)
4
. 
 
The rectangles form adjacent layers form a stair step structure, where the 
nitrate from one square lies in the cavity of the rectangle above or below. These 
 118 
“stairs” interact via the alkynyl chains, where a gauche chain from one square 
interacts with an anti chain from a neighboring square in the same plane. 
The packing of the rectangles, reveals that alkyl chains are orientated parallel 
to one another and provide the principal interaction within layers, Figure 5.8. Offset 
-stacking of the pyrimidine ring is observed between layers. Nitrate ions, bridge via 
a single oxygen between the two independent silver atom sites in adjacent layers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.8. Packing diagram for compound 14 Ag
4
(5-decynyl-pyrimidine)
4
(NO
3
)
4
. 
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5.2.2. The crystal structures of Compounds 16 and 17 [Ag
4
L
4
](NO
3
)
4  
where L=5-
hexynyl, and 5-heptynylpyrimidine. 
The structures obtained for the 5-hexynyl and 5-heptynyl pyrimidines, are 
slightly different from the longer chained examples. The molecular rectangles are 
almost identical in dimensions to the other examples, Figure. 5.9., however the two 
alkynyl chains with the gauche conformation lie out of the plane of the rectangle, 
Figure 5.10.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.9. The crystal structure for compound 16 Ag
4
(5-hexynyl-
pyrimidine)
4
(NO
3
)
4
. 
 
 120 
 
 
 
 
 
 
 
 
 
 
Figure 5.10. Packing diagram for compound 16 Ag
4
(5-hexynyl-pyrimidine)
4
(NO
3
)
4
. 
The alkyl chain interactions, pyrimidine ring -stacking and nitrate bridging  
interactions are almost identical to those found in the other examples. The different 
orientation of the alkyl chains is accommodated and results in a very similar overall 
packing arrangement, Figure 5.11. 
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Figure 5.11. Packing diagram for compound 16 Ag
4
(5-hexynyl-pyrimidine)
4
(NO
3
)
4
. 
Crystal structures for compounds 12, 13, 15 and 17 Ag
4
(5-heptynl-
pyrimidine)
4
(NO
3
)
4
, Ag
4
(5-octynl-pyrimidine)
4
(NO
3
)
4,
 Ag
4
(5-nonynl-
pyrimidine)
4
(NO
3
)
4
, and Ag
4
(5-dodecynl-pyrimidine)
4
(NO
3
)
4 
are included in 
appendix A. 
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5.3. Discussion 
It is clear that varying the chain length has little influence on the 3-D 
arrangement. In each example a rectangle or distorted square is formed. In the case of 
the unsubstituted pyrimidine, the discrete aggregate has the dimensions of a square 
(see table 5.1). The distortion of the square to the rectangle can be explained due to a 
weaker interaction of a nitrate anion to one silver cation, and a stronger interaction to 
the other silver cation ( in this case on the layer above or below). In contrast to 
platinum(II) and palladium(II) based molecular squares and rectangles, the ligands 
form the corners while the metals form the sides of the molecular rectangles. 
In each case a nitrate anion lies in the cavity of the rectangle and interacts via 
one single oxygen atom to the layer above and below. The fact that the anions lie in 
the cavity of the assembly makes it highly unlikely to incorporate any guest 
molecules. 
The rectangles pack in a similar nature in each example forming a stair-step 
assembly, partly due to the anions interacting between the layers above and below, 
and also due to ring -stacking in the pyrimidines. 
Unlike the organic equivalents 5-alkoxyisophthalic acids, chain length only 
has a subtle effect on the final assembly. In the shorter chain cases of Ag
4
(5-hexyny-
pyrimidine)
4
(NO
3
)
4
, and Ag
4
(5-heptynl-pyrimidine)
4
(NO
3
)
4
, the chains interact with 
one chain from one rectangle interacting side on with a chain from a rectangle from 
above or below. The other chain interacts end on with a rectangle in the same plane. 
 123 
Whereas in the other longer chained examples, all the chains are in the same plane 
interacting end to end. 
 In conclusion, regardless of chain length, a molecular rectangle is 
formed when 5-alkynyl-pyrimidine is reacted on a 1:1 ratio with silver(I) nitrate, 
similar to the previous assembled Ag
4
(pyrimidine)
4
(NO
3
)
4
. By replacing H
+
 with Ag
+
, 
we have shown that although a hexameric assembly like 5-alkoxyisophthalic acid, is 
not formed, we are capable of forming a cyclic assembly. Attempts were made to 
incorporate such guest molecules as triazine and 1,3,5-tribromobenzene. In each case 
the guest molecule was not included in the final assembly. 
 Future work could include further attempts to incorporate guest molecules, 
however it seems unlikely with the nitrate anions occupying the space between the 
rectangular cavities, and there is not enough space to permit a host-guest interaction. 
It may be also possible to substitute pyrimidine with longer or shorter chains along 
with bulkier groups.  
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Chain           x                   y           N-Ag-N 
hexynyl    6.07Å         10.81Å      168,123° (this work) 
heptynyl   6.08Å         10.84Å      165,126° (this work) 
octynyl     6.05Å         10.63Å      164,126° (this work) 
nonynyl    6.09Å         10.72Å      166,122° (this work) 
decynyl    6.06Å         10.73Å      165,123° (this work) 
dodecynyl6.16Å         10.93Å      164,123° (this work) 
no chain   8.57Å           8.77Å      150,155° (Rogers et al)
7
 
Table 5.1. Comparison of [Ag
4
(pyrimidine)
4
]
4+
 molecular rectangles in 
[Ag
4
L
4
](NO
3
)
4 
structures. 
 
 
 
 
 
 
N
N
Ag
N
N
Ag
N
N
Ag
N
N
Ag
x
y
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5.4. Crystallography 
Single Crystal X-ray diffraction data were collected using graphite 
monochromated Mo-K radiation ( = 0.71073 Å) on a Bruker SMART CCD area 
detector diffractometer. The structures of the compounds were solved by direct 
methods using SHELLXS97 and full-matrix least squares refinement undertaken 
using SHELXL97. All hydrogen atoms were placed in geometrically calculated 
positions and thereafter refined using a riding model. All non-hydrogen atoms were 
refined with anisotropic displacement parameters. All structure diagrams were 
generated using the programs XP and Mercury. All crystal data is in Appendix A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 126 
5.5 Experimental 
Preparation of 5-Pyrimidyl-hexyne  
Same as Chapter 4 
 
Preparation of Compound 18 5-Pyrimidyl-heptyne  
A 250 mL flask equipped with an argon inlet was charged with 70 mg of 
PdCl
2
(PPh
3
)
2 
and flushed with argon. 3.17 g of 5-Bromopyrimidine, 1.92 g of 1-
octyne, and 30 mL of diethylamine were successfully added. 38 mg of copper(I) 
iodide was added and the reaction mixture was stirred for 24 hours at room 
temperature. A yellow color changed to brown over the 24 hours, and a colorless 
precipitate formed. The solvent was evaporated, and the residue was extracted with 
ether and dried with Na
2
SO
4
. The crude product was purified by flash 
chromatography (hexane: ethyl acetate 9:1). 55% Yield. 
 
Preparation of Compound 19 5-Pyrimidyl-octyne  
A 250 mL flask equipped with an argon inlet was charged with 70 mg of 
PdCl
2
(PPh
3
)
2 
and flushed with argon. 3.17 g of 5-Bromopyrimidine, 2.20 g of 1-
octyne, and 30 mL of diethylamine were successfully added. 38 mg of copper(I) 
iodide was added and the reaction mixture was stirred for 36 hours at room 
temperature. A yellow color changed to brown over the 36 hours, and a colorless 
precipitate formed. The solvent was evaporated, and the residue was extracted with 
ether and dried with Na
2
SO
4
. The crude product was purified by flash 
chromatography (hexane: ethyl acetate 9:1). 65% Yield. 
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Preparation of Compound 20 5-Pyrimidyl-nonyne  
A 250 mL flask equipped with an argon inlet was charged with 70 mg of 
PdCl
2
(PPh
3
)
2 
and flushed with argon. 3.17 g of 5-Bromopyrimidine, 2.49 g of 1-
nonyne, and 30 mL of diethylamine were successfully added. 38 mg of copper(I) 
iodide was added and the reaction mixture was stirred for 24 hours at room 
temperature. A yellow color changed to brown over the 24 hours, and a colorless 
precipitate formed. The solvent was evaporated, and the residue was extracted with 
ether and dried with Na
2
SO
4
. The crude product was purified by flash 
chromatography (hexane: ethyl acetate 9:1). 68% Yield. 
 
Preparation of Compound 21 5-Pyrimidyl-decyne  
A 250 mL flask equipped with an argon inlet was charged with 70 mg of 
PdCl
2
(PPh
3
)
2 
and flushed with argon. 3.17 g of 5-Bromopyrimidine, 2.76 g of 1-
decyne, and 30 mL of diethylamine were successfully added. 38 mg of copper(I) 
iodide was added and the reaction mixture was stirred for 36 hours at room 
temperature. A yellow color changed to brown over the 36 hours, and a colorless 
precipitate formed. The solvent was evaporated, and the residue was extracted with 
ether and dried with Na
2
SO
4
. The crude product was purified by flash 
chromatography (hexane: ethyl acetate 9:1). 38% Yield. 
 
Preparation of Compound 22 5-Pyrimidyl-dodecyne  
A 250 mL flask equipped with an argon inlet was charged with 70 mg of 
PdCl
2
(PPh
3
)
2 
and flushed with argon. 3.17 g of 5-Bromopyrimidine, 3.37 g of 1-
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dodecyne, and 30 mL of diethylamine were successfully added. 38 mg of copper(I) 
iodide was added and the reaction mixture was stirred for 24 hours at room 
temperature. A yellow color changed to brown over the 24 hours, and a colorless 
precipitate formed. The solvent was evaporated, and the residue was extracted with 
ether and dried with Na
2
SO
4
. The crude product was purified by flash 
chromatography (hexane: ethyl acetate 9:1). 29% Yield. 
 
Preparation of Compound 16 5-pyrimidyl-1-hexyne coordinated to silver nitrate. 
0.160 g 5-pyrimidyl-1-hexyne, C
10
N
2
H
12
 (0.1 mmol) was dissolved in 10 mL MeOH. 
This was then layered with 0.170 g AgNO
3
 (0.1 mmol) dissolved in 10 mL MeCN. 
Colorless crystals appeared after three days upon evaporation. Found (calc.): C, 
36.15% (36.38%); H, 3.58% (3.66%); N, 12.53% (12.73%). 
 
 
Preparation of Compound 17 5-pyrimidyl-1-heptyne coordinated to silver nitrate. 
0.174 g 5-pyrimidyl-1-heptyne, C
11
N
2
H
14
 (0.1 mmol) was dissolved in 10 mL MeOH. 
This was then layered with 0.170 g AgNO
3
 (0.1 mmol) dissolved in 10 mL MeCN. 
Colorless crystals appeared after three days upon evaporation. Found (calc.): C, 
38.19% (38.39%); H, 4.02% (4.10%); N, 12.06% (12.21%). 
 
 
 
 
 129 
Preparation of Compound 12 5-pyrimidyl-1-octyne coordinated to silver nitrate. 
0.188g 5-pyrimidyl-1-octyne, C
12
N
2
H
16
 (0.1 mmol) was dissolved in 10 mL MeOH. 
This was then layered with 0.170g AgNO
3
 (0.1 mmol) dissolved in 10 mL MeCN. 
Colorless crystals appeared after three days upon evaporation. Found (calc.): C, 
36.15% (36.38%); H, 3.58% (3.66%); N, 12.53% (12.73%). 
 
 
 
Preparation of Compound 13 5-pyrimidyl-1-nonyne coordinated to silver nitrate. 
0.202 g 5-pyrimidyl-1-nonyne, C
13
N
2
H
18
 (0.1 mmol) was dissolved in 10 mL MeOH. 
This was then layered with 0.170 g AgNO
3
 (0.1 mmol) dissolved in 10 mL MeCN. 
Colorless crystals appeared after three days upon evaporation. Found (calc.): C, 
41.36% (42.18.38%); H, 4.79% (4.36%); N, 11.06% (11.35%). 
 
 
Preparation of Compound 14 5-pyrimidyl-1-decyne coordinated to silver nitrate. 
0.216 g 5-pyrimidyl-1-decyne, C
14
N
2
H
20
 (0.1 mmol) was dissolved in 10 mL MeOH. 
This was then layered with 0.170 g AgNO
3
 (0.1 mmol) dissolved in 10 mL MeCN. 
Colorless crystals appeared after three days upon evaporation. 
 
Preparation of Compound 15 5-pyrimidyl-1-dodecyne coordinated to silver nitrate. 
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0.244 g 5-pyrimidyl-1-dodecyne, C
16
N
2
H
24
 (0.1 mmol) was dissolved in 10 mL 
MeOH. This was then layered with 0.170 g AgNO
3
 (0.1 mmol) dissolved in 10 mL 
MeCN. Colorless crystals appeared after three days upon evaporation. 
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Chapter 6 
Summary and Conclusions 
Here I have demonstrated that metal ions such as silver(I) can replace H
+
 in 
hydrogen bonded organic frameworks, resulting in coordination networks that mimic 
the  connectivity of their organic counterparts.  This idea was tested on several 
different kinds of supramolecular assemblies. I have presented angular bidentate 
ligands coordinated to silver(I) salts and to zinc(II) chloride, and demonstrated the 
similarity of these coordination networks to those found in organic solids.  Silver(I) 
salts reacted with dithiane demonstrate the efficacy of replacing H
+
 with Ag
+
.  
However, overall assemblies are influenced by the silver salt used – varying the anion 
results in subtle structural differences. I have also shown that unsubstituted 
bifunctional ligands coordinated to zinc chloride form predictable and controllable 
two-dimensional grids. The zinc metal center has octahedral geometry forming metal 
halide bridges with layers above and below.  Face-to-face stacking of the aromatic 
ligands promotes this halide bridging. Substituted bifunctional ligands however, with 
added steric bulk, cannot stack in a face-to-face manner, so in these cases the 
coordination geometry is tetrahedral rather than octahedral. 
Both  monodentate and bidentate ligands have coordinate to silver(I) 
trifuoroacetate in a predictable manner. The carboxylates bridge the silver atoms in a 
manner similar to the hydrogen-bonding synthons found in carboxylic acids, with the 
silver cations replacing the hydrogens. The silver atoms then coordinate to 
monodentate ligands to form discrete assemblies, or to bidentate ligands to form 
extended networks.  
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 Unlike 5-alkoxy-isophtalic acids where the chain length determines whether a 
polymer or a hexagonal assembly forms, the chain length on the 5-alyknyl-
pyrimidines, does not appear to affect the type of supramolecular assembly found. 5-
alyknyl-pyrimidines form different types of assemblies when coordinated to silver(I) 
salts, depending on the anion. When coordinated to silver trifluoroacetate an extended 
2-D chain forms with the silver to ligand interaction forming a chain in one direction, 
similar to that of isophtalic acid. The trifluoroacetate anion bridges the chains in the 
other direction.  Reacting with silver nitrate produces a rectangular shaped assembly. 
When coordinated to silver nitrate the shorter chains pack slightly differently 
compared to the octyne derivative and longer. When coordinated to silver 
trifluoroacetate only the shorter chains (pentyne and hexyne derivatives) were able to 
react. It would appear that the main driving force in the nature of the overall assembly 
is the anion in the silver(I) salt  and not the chain length of the organic substituents. 
 I have shown that hydrogen bonds can be replaced with coordination bonds in 
e.g. linear networks, however the arrangement of these networks in 3-D is determined 
by the additional influence of the anion used. This dissertation has illustrated that 
factors such as ligand geometry, coordination geometry about the metal ion, cation-
anion interactions, and weak forces such as - stacking influence the supramolecular 
assembly of a given structure, and that understanding these factors can lead to 
controlling and predicting the structure of coordination solids.  
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Appendix A 
 
 
Single Crystal Data 
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Figure A.1. Ellipsoid plot for compound 1{[{Ag
2
( -1,3-dithiane)
2
}( -NO
3
)
2
]}

. 
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Table A.1.  Crystal data and structure refinement for compound 1{[{Ag
2
( -1,3-
dithiane)
2
}( -NO
3
)
2
]}

. 
 
Empirical formula  C4 H8 Ag N O3 S2 
Formula weight  290.10 
Temperature  296(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 6.9178(12) Å α= 90°. 
 b = 7.9633(15) Å β=90.122(4)°. 
 c = 15.994(3) Å γ = 90°. 
Volume 881.1(3) Å
3
 
Z 4 
Density (calculated) 2.187 Mg/m
3
 
Absorption coefficient 2.720 mm
-1
 
F(000) 568 
Crystal size 0.30 x 0.05 x 0.04 mm
3
 
Theta range for data collection 2.55 to 30.43°. 
Index ranges -9<=h<=9, -11<=k<=10, -22<=l<=22 
Reflections collected 12296 
Independent reflections 2550 [R(int) = 0.1040] 
Completeness to theta = 26.37° 99.95 %  
Absorption correction Empirical 
Max. and min. transmission 0.769976 and 0.312125 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 2550 / 0 / 100 
Goodness-of-fit on F
2
 0.991 
Final R indices [I>2sigma(I)] R1 = 0.0536, wR2 = 0.1314 
R indices (all data) R1 = 0.0715, wR2 = 0.1430 
Largest diff. peak and hole 0.633 and -1.594 e.Å
-3
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 Table A.2.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 1 {[{Ag
2
( -1,3-dithiane)
2
}( -NO
3
)
2
]}

. 
  U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 2851(1) 5132(1) -33(1) 44(1) 
S(1) 7114(2) 5571(2) 1520(1) 47(1) 
C(2) 4789(8) 5118(6) 1966(3) 48(1) 
S(3) 2760(2) 6070(2) 1426(1) 47(1) 
C(4) 3445(9) 8250(7) 1435(4) 72(2) 
C(5) 5402(9) 8618(6) 1062(4) 70(2) 
C(6) 7080(8) 7849(7) 1526(4) 64(2) 
N(1) 321(6) 2194(5) 827(3) 51(1) 
O(1) 170(5) 2933(5) 130(2) 53(1) 
O(2) -1137(8) 1597(7) 1149(3) 109(2) 
O(3) 1893(7) 2149(5) 1185(3) 83(1) 
____________________________________________________________________ 
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Table A.3. Bond lengths [Å] and angles [°] for compound 1{[{Ag
2
( -1,3-
dithiane)
2
}( -NO
3
)
2
]}

. 
 
_____________________________________________________  
Ag(1)-S(1)#1  2.4427(12) 
Ag(1)-S(3)  2.4508(12) 
Ag(1)-O(1)  2.565(3) 
Ag(1)-Ag(1)#1  2.9818(9) 
S(1)-C(2)  1.798(6) 
S(1)-C(6)  1.814(6) 
S(1)-Ag(1)#1  2.4427(12) 
C(2)-S(3)  1.813(5) 
S(3)-C(4)  1.800(6) 
C(4)-C(5)  1.509(9) 
C(5)-C(6)  1.507(9) 
N(1)-O(3)  1.228(5) 
N(1)-O(2)  1.229(6) 
N(1)-O(1)  1.265(5) 
 
S(1)#1-Ag(1)-S(3) 175.41(4) 
S(1)#1-Ag(1)-O(1) 87.19(8) 
S(3)-Ag(1)-O(1) 95.24(8) 
S(1)#1-Ag(1)-Ag(1)#1 90.37(3) 
S(3)-Ag(1)-Ag(1)#1 90.88(3) 
O(1)-Ag(1)-Ag(1)#1 132.03(8) 
C(2)-S(1)-C(6) 100.8(2) 
C(2)-S(1)-Ag(1)#1 110.58(16) 
C(6)-S(1)-Ag(1)#1 103.60(19) 
S(1)-C(2)-S(3) 114.8(2) 
C(4)-S(3)-C(2) 101.3(3) 
C(4)-S(3)-Ag(1) 107.1(2) 
C(2)-S(3)-Ag(1) 107.77(16) 
C(5)-C(4)-S(3) 114.9(4) 
C(6)-C(5)-C(4) 114.6(5) 
C(5)-C(6)-S(1) 114.5(3) 
O(3)-N(1)-O(2) 121.3(5) 
O(3)-N(1)-O(1) 119.8(4) 
O(2)-N(1)-O(1) 118.8(5) 
N(1)-O(1)-Ag(1) 110.4(3) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+1,-y+1,-z       
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Table A.4.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 
1{[{Ag
2
( -1,3-dithiane)
2
}( -NO
3
)
2
]}

. 
  The anisotropic displacement factor exponent takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + 
...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 35(1)  60(1) 38(1)  -5(1) 1(1)  0(1) 
S(1) 37(1)  69(1) 35(1)  -2(1) -1(1)  -2(1) 
C(2) 49(3)  66(3) 28(2)  4(2) 0(2)  -7(2) 
S(3) 36(1)  64(1) 41(1)  -7(1) 7(1)  -3(1) 
C(4) 68(4)  58(3) 90(4)  -30(3) 9(3)  11(3) 
C(5) 85(4)  42(2) 83(4)  -10(3) 19(3)  -11(3) 
C(6) 59(3)  67(3) 66(3)  -26(3) 11(3)  -28(3) 
N(1) 56(2)  39(2) 57(2)  10(2) -3(2)  -8(2) 
O(1) 52(2)  60(2) 46(2)  15(1) 4(2)  2(1) 
O(2) 98(4)  133(4) 95(3)  53(3) -4(3)  -57(4) 
O(3) 77(3)  73(2) 97(3)  15(2) -38(3)  4(2) 
____________________________________________________________________ 
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Figure 4.2. Ellipsoid plot for compound 2{[{Ag
2
( -1,3-dithiane)
 2
}( -PF
6
)
2
]}

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Table A.5.  Crystal data and structure refinement for compound 2{[{Ag
2
( -1,3-
dithiane)
 2
}( -PF
6
)
2
]}

  
 
Empirical formula  C4 H8 Ag F6 P S2 
Formula weight  373.06 
Temperature  296(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a = 6.5099(9) Å α= 90°. 
 b = 18.743(3) Å β=93.404(2)°. 
 c = 8.2518(12) Å γ = 90°. 
Volume 1005.1(2) Å
3
 
Z 4 
Density (calculated) 2.465 Mg/m
3
 
Absorption coefficient 2.624 mm
-1
 
F(000) 720 
Crystal size 0.3 x 0.15 x 0.04 mm
3
 
Theta range for data collection 2.17 to 30.53°. 
Index ranges -9<=h<=9, -25<=k<=25, -11<=l<=11 
Reflections collected 14192 
Independent reflections 2891 [R(int) = 0.0739] 
Completeness to theta = 26.37° 99.9 %  
Absorption correction Empirical 
Max. and min. transmission 0.731 and 0.476 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 2891 / 0 / 127 
Goodness-of-fit on F
2
 1.454 
Final R indices [I>2sigma(I)] R1 = 0.0862, wR2 = 0.2097 
R indices (all data) R1 = 0.1115, wR2 = 0.2211 
Largest diff. peak and hole 2.219 and -1.627 e.Å
-3
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Table A.6.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 2 {[{Ag
2
( -1,3-dithiane)
 2
}( -PF
6
)
2
]}

.  
U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 2045(1) 5112(1) 4402(1) 49(1) 
S(1) 3135(3) 5795(1) 6777(2) 40(1) 
C(2) 1570(12) 5531(5) 8395(9) 45(2) 
S(3) -1144(3) 5590(1) 7975(2) 42(1) 
C(4) -1377(13) 6524(5) 7448(12) 53(2) 
C(5) -94(15) 6768(5) 6083(12) 53(2) 
C(6) 2229(14) 6701(4) 6484(11) 48(2) 
P(1) 4557(3) 3600(1) 7883(2) 39(1) 
F(1) 4151(13) 2883(4) 6997(12) 111(3) 
F(2) 4221(11) 3995(5) 6164(9) 92(2) 
F(3) 4980(16) 3225(5) 9549(9) 119(3) 
F(4) 4984(12) 4344(4) 8728(12) 105(3) 
F(5) 6933(10) 3540(5) 7620(9) 88(2) 
F(6) 2175(9) 3693(4) 8091(9) 89(2) 
____________________________________________________________________ 
 
 
Table A.7.   Bond lengths [Å] and angles [°] for compound 2 {[{Ag
2
( -1,3-
dithiane)
 2
}( -PF
6
)
2
]}

 
_____________________________________________________  
Ag(1)-S(3)#1  2.405(2) 
Ag(1)-S(1)  2.4131(19) 
Ag(1)-Ag(1)#1  2.9236(12) 
S(1)-C(2)  1.796(8) 
S(1)-C(6)  1.808(8) 
C(2)-S(3)  1.783(8) 
S(3)-C(4)  1.808(10) 
S(3)-Ag(1)#1  2.405(2) 
C(4)-C(5)  1.512(13) 
C(5)-C(6)  1.534(13) 
P(1)-F(1)  1.545(7) 
P(1)-F(3)  1.554(7) 
P(1)-F(4)  1.577(7) 
P(1)-F(5)  1.579(6) 
P(1)-F(6)  1.580(6) 
P(1)-F(2)  1.603(6) 
 
S(3)#1-Ag(1)-S(1) 176.98(6) 
S(3)#1-Ag(1)-Ag(1)#1 90.81(5) 
S(1)-Ag(1)-Ag(1)#1 91.82(5) 
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C(2)-S(1)-C(6) 99.4(4) 
C(2)-S(1)-Ag(1) 107.7(3) 
C(6)-S(1)-Ag(1) 108.2(3) 
S(3)-C(2)-S(1) 116.0(4) 
C(2)-S(3)-C(4) 100.0(4) 
C(2)-S(3)-Ag(1)#1 108.4(3) 
C(4)-S(3)-Ag(1)#1 108.7(3) 
C(5)-C(4)-S(3) 115.5(6) 
C(4)-C(5)-C(6) 113.3(7) 
C(5)-C(6)-S(1) 114.6(6) 
F(1)-P(1)-F(3) 92.4(6) 
F(1)-P(1)-F(4) 178.0(6) 
F(3)-P(1)-F(4) 89.5(5) 
F(1)-P(1)-F(5) 90.8(5) 
F(3)-P(1)-F(5) 88.0(5) 
F(4)-P(1)-F(5) 88.6(5) 
F(1)-P(1)-F(6) 90.4(4) 
F(3)-P(1)-F(6) 94.4(5) 
F(4)-P(1)-F(6) 90.2(4) 
F(5)-P(1)-F(6) 177.2(5) 
F(1)-P(1)-F(2) 88.4(5) 
F(3)-P(1)-F(2) 177.6(5) 
F(4)-P(1)-F(2) 89.7(5) 
F(5)-P(1)-F(2) 89.7(4) 
F(6)-P(1)-F(2) 87.8(4) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x,-y+1,-z+1       
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Table A.8.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 2 
{[{Ag
2
( -1,3-dithiane)
 2
}( -PF
6
)
2
]}

.  The anisotropicdisplacement factor 
exponent takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 44(1)  59(1) 43(1)  -14(1) 3(1)  -11(1) 
S(1) 28(1)  56(1) 35(1)  -1(1) -4(1)  -4(1) 
C(2) 48(4)  62(5) 25(3)  9(3) -8(3)  -1(3) 
S(3) 42(1)  50(1) 35(1)  -6(1) 7(1)  -8(1) 
C(4) 40(4)  56(5) 61(5)  -12(4) -7(4)  7(3) 
C(5) 62(5)  42(4) 53(5)  10(4) -6(4)  5(3) 
C(6) 59(5)  35(4) 51(5)  -4(3) 7(4)  -9(3) 
P(1) 43(1)  44(1) 31(1)  0(1) -1(1)  -1(1) 
F(1) 120(7)  69(4) 140(7)  -50(5) -27(5)  0(4) 
F(2) 79(4)  128(6) 67(4)  48(4) -12(3)  -3(4) 
F(3) 154(9)  153(7) 50(4)  46(5) -5(4)  -4(6) 
F(4) 84(5)  78(4) 146(7)  -53(5) -53(5)  13(3) 
F(5) 47(3)  121(5) 93(5)  -2(4) -4(3)  27(3) 
F(6) 48(3)  128(6) 93(5)  -27(4) 19(3)  -10(3) 
____________________________________________________________________ 
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Figure A.3. Ellipsoid plot for compound 3 {[{Ag(BF
4
)}
2
( -1,3-dithiane)
2
]}

. 
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Table A.9.  Crystal data and structure refinement for compound 3 {[{Ag(BF
4
)}
2
( -
1,3-dithiane)
2
]}

. 
 
Empirical formula  C4 H8 Ag B F4 S2 
Formula weight  314.90 
Temperature  183(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 6.3604(3) Å    α=85.8370(10)°. 
 b = 9.2890(5) Å    β=84.7880(10)°. 
 c = 15.9760(8) Å  γ=83.6270(10)°. 
Volume 932.31(8) Å
3
 
Z 4 
Density (calculated) 2.243 Mg/m
3
 
Absorption coefficient 2.612 mm
-1
 
F(000) 608 
Crystal size 0.1 x 0.02 x 0.02 mm
3
 
Theta range for data collection 2.211 to 30.483°. 
Index ranges -8<=h<=9, -12<=k<=12, -22<=l<=22 
Reflections collected 13675 
Independent reflections 5276 [R(int) = 0.0508] 
Completeness to theta = 24.71° 100.0 %  
Absorption correction Empirical 
Max. and min. transmission 0.913 and 0.589 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 5276 / 42 / 217 
Goodness-of-fit on F
2
 1.270 
Final R indices [I>2sigma(I)] R1 = 0.0737, wR2 = 0.1944 
R indices (all data) R1 = 0.1218, wR2 = 0.2172 
Largest diff. peak and hole 1.934 and -1.344 e.Å
-3
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Table A.10.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 3 {[{Ag(BF
4
)}
2
( -1,3-dithiane)
2
]}

.  U(eq) is 
defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 22085(1) 4942(1) 7921(1) 43(1) 
Ag(2) 18166(1) 4781(1) 7066(1) 52(1) 
S(1) 19530(3) 6132(2) 5808(1) 35(1) 
C(2) 22366(10) 5779(8) 5756(4) 35(1) 
S(3) 23587(2) 6262(2) 6662(1) 34(1) 
C(4) 22633(12) 8169(8) 6675(5) 44(2) 
C(5) 20216(12) 8462(9) 6753(6) 53(2) 
C(6) 19164(13) 8059(8) 5995(6) 54(2) 
S(11) 20503(2) 3812(2) 9214(1) 31(1) 
C(12) 17678(10) 4252(8) 9226(4) 34(1) 
S(13) 16494(2) 3668(2) 8342(1) 35(1) 
C(14) 17324(12) 1742(8) 8431(5) 45(2) 
C(15) 19706(12) 1355(8) 8394(5) 48(2) 
C(16) 20731(12) 1849(7) 9146(5) 41(2) 
B(1) 24731(9) 7874(6) 8785(3) 42(2) 
F(1) 22912(10) 7176(6) 8850(3) 103(3) 
F(2) 26151(10) 7238(7) 8183(3) 109(3) 
F(3) 25591(8) 7752(6) 9548(3) 66(1) 
F(4) 24205(8) 9305(4) 8531(3) 70(2) 
B(11) 15093(12) 2072(7) 6238(4) 86(5) 
F(11) 16820(17) 2888(8) 6182(5) 328(12) 
F(12) 15797(9) 683(5) 6464(4) 83(2) 
F(13) 14267(10) 2184(8) 5474(4) 103(2) 
F(14) 13644(14) 2636(9) 6845(4) 157(4) 
____________________________________________________________________ 
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Table A.11.   Bond lengths [Å] and angles [°] for compound 3 {[{Ag(BF
4
)}
2
( -1,3-
dithiane)
2
]}

. 
_____________________________________________________  
Ag(1)-S(11)  2.4346(17) 
Ag(1)-S(3)  2.4522(18) 
Ag(1)-Ag(2)  2.9718(8) 
Ag(2)-S(13)  2.4292(18) 
Ag(2)-S(1)  2.4343(19) 
S(1)-C(2)  1.793(7) 
S(1)-C(6)  1.822(8) 
C(2)-S(3)  1.810(7) 
S(3)-C(4)  1.808(8) 
C(4)-C(5)  1.526(10) 
C(5)-C(6)  1.525(11) 
S(11)-C(12)  1.796(6) 
S(11)-C(16)  1.823(7) 
C(12)-S(13)  1.803(7) 
S(13)-C(14)  1.807(8) 
C(14)-C(15)  1.515(10) 
C(15)-C(16)  1.539(10) 
B(1)-F(3)  1.373(6) 
B(1)-F(4)  1.375(6) 
B(1)-F(2)  1.377(6) 
B(1)-F(1)  1.380(6) 
B(11)-F(12)  1.352(6) 
B(11)-F(13)  1.365(7) 
B(11)-F(14)  1.367(7) 
B(11)-F(11)  1.395(7) 
 
S(11)-Ag(1)-S(3) 175.58(6) 
S(11)-Ag(1)-Ag(2) 90.89(4) 
S(3)-Ag(1)-Ag(2) 89.50(4) 
S(13)-Ag(2)-S(1) 173.38(6) 
S(13)-Ag(2)-Ag(1) 90.61(4) 
S(1)-Ag(2)-Ag(1) 92.20(4) 
C(2)-S(1)-C(6) 101.2(4) 
C(2)-S(1)-Ag(2) 106.5(2) 
C(6)-S(1)-Ag(2) 108.6(3) 
S(1)-C(2)-S(3) 115.4(3) 
C(4)-S(3)-C(2) 100.3(3) 
C(4)-S(3)-Ag(1) 109.9(3) 
C(2)-S(3)-Ag(1) 108.6(2) 
C(5)-C(4)-S(3) 113.6(5) 
C(4)-C(5)-C(6) 114.2(7) 
C(5)-C(6)-S(1) 114.6(6) 
C(12)-S(11)-C(16) 101.0(3) 
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C(12)-S(11)-Ag(1) 107.3(2) 
C(16)-S(11)-Ag(1) 109.8(3) 
S(11)-C(12)-S(13) 115.0(3) 
C(12)-S(13)-C(14) 100.4(3) 
C(12)-S(13)-Ag(2) 107.9(2) 
C(14)-S(13)-Ag(2) 110.5(3) 
C(15)-C(14)-S(13) 114.5(5) 
C(14)-C(15)-C(16) 113.6(6) 
C(15)-C(16)-S(11) 114.2(5) 
F(3)-B(1)-F(4) 111.1(5) 
F(3)-B(1)-F(2) 110.1(5) 
F(4)-B(1)-F(2) 109.2(5) 
F(3)-B(1)-F(1) 109.7(5) 
F(4)-B(1)-F(1) 108.3(5) 
F(2)-B(1)-F(1) 108.4(5) 
F(12)-B(11)-F(13) 111.7(5) 
F(12)-B(11)-F(14) 110.5(5) 
F(13)-B(11)-F(14) 111.0(5) 
F(12)-B(11)-F(11) 107.8(5) 
F(13)-B(11)-F(11) 108.5(5) 
F(14)-B(11)-F(11) 107.1(6) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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 Table A.12.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 3 
{[{Ag(BF
4
)}
2
( -1,3-dithiane)
2
]}

.  The anisotropic displacement factor exponent 
takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 35(1)  62(1) 34(1)  -4(1) -5(1)  -13(1) 
Ag(2) 38(1)  84(1) 39(1)  -3(1) -9(1)  -20(1) 
S(1) 31(1)  41(1) 36(1)  -13(1) -14(1)  3(1) 
C(2) 31(3)  43(4) 31(3)  -3(3) -1(3)  2(3) 
S(3) 23(1)  44(1) 36(1)  -3(1) -8(1)  -2(1) 
C(4) 45(4)  49(4) 42(4)  -6(3) -17(3)  -10(3) 
C(5) 48(4)  50(4) 66(5)  -28(4) -19(4)  5(4) 
C(6) 46(4)  44(4) 75(6)  -24(4) -29(4)  16(3) 
S(11) 27(1)  36(1) 31(1)  -9(1) -11(1)  1(1) 
C(12) 30(3)  44(4) 30(3)  -7(3) -7(2)  5(3) 
S(13) 23(1)  47(1) 37(1)  -7(1) -10(1)  -2(1) 
C(14) 45(4)  48(4) 46(4)  -5(3) -18(3)  -11(3) 
C(15) 50(4)  43(4) 52(5)  -18(3) -23(4)  9(3) 
C(16) 41(4)  34(3) 50(4)  -12(3) -18(3)  7(3) 
B(1) 52(5)  40(4) 34(4)  -3(3) -3(4)  -4(4) 
F(1) 162(7)  112(5) 54(4)  5(3) -30(4)  -93(5) 
F(2) 142(6)  113(5) 55(4)  -15(3) -8(4)  77(5) 
F(3) 68(3)  87(4) 46(3)  -9(3) -25(2)  -6(3) 
F(4) 86(4)  37(3) 88(4)  -4(2) -26(3)  4(2) 
B(11) 153(13)  61(7) 31(5)  4(5) 0(6)  39(8) 
F(11) 810(40)  160(9) 70(6)  22(6) -67(12)  -296(17) 
F(12) 95(4)  43(3) 111(5)  -9(3) -24(4)  9(3) 
F(13) 91(4)  145(6) 76(4)  -42(4) -46(4)  33(4) 
F(14) 218(10)  144(7) 82(5)  -21(5) 1(6)  101(7) 
____________________________________________________________________ 
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Figure A.4. Ellipsoid plot of compound 4 [ZnCl
2
(pyrimidine)]
∞   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
152 
 
 
 
 
 
Table A.13.  Crystal data and structure refinement for compound 4 
[ZnCl
2
(pyrimidine)]
∞   
 
Empirical formula  C
4
 H
4
 Cl
2
 N
2
 Zn 
Formula weight  216.36 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pmma 
Unit cell dimensions a = 12.1295(12) Å α= 90°. 
 b = 3.5477(4) Å β= 90°. 
 c = 7.0449(8) Å γ = 90°. 
Volume 303.15(6) Å
3
 
Z 2 
Density (calculated) 2.370 Mg/m
3
 
Absorption coefficient 4.818 mm
-1
 
F(000) 212 
Crystal size 0.18 x 0.16 x 0.06 mm
3
 
Theta range for data collection 2.89 to 33.84°. 
Index ranges -15≤h≤19, -3≤k≤5, -11≤l≤6 
Reflections collected 3777 
Independent reflections 726 [R(int) = 0.0235] 
Completeness to theta = 25.00° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7675 and 0.4843 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 726 / 0 / 31 
Goodness-of-fit on F
2
 1.134 
Final R indices [I>2sigma(I)] R1 = 0.0181, wR2 = 0.0429 
R indices (all data) R1 = 0.0196, wR2 = 0.0434 
Largest diff. peak and hole 0.781 and -0.482 e.Å
-3
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 Table A.14.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 4 [ZnCl
2
(pyrimidine)]
∞
.  U(eq) is defined as 
one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Zn(1) 5000 0 0 7(1) 
Cl(1) 4273(1) -5000 2106(1) 8(1) 
N(1) 6525(1) 0 1576(2) 8(1) 
C(1) 6531(1) 0 3480(2) 11(1) 
C(2) 7500 0 4499(3) 12(1) 
C(3) 7500 0 702(3) 9(1) 
____________________________________________________________________
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 Table A. 15  Bond lengths [Å] and angles [°] for  compound 4 
[ZnCl
2
(pyrimidine)]
∞
. 
_____________________________________________________  
Zn(1)-N(1)#1  2.1572(12) 
Zn(1)-N(1)  2.1572(12) 
Zn(1)-Cl(1)#2  2.4747(3) 
Zn(1)-Cl(1)#3  2.4747(3) 
Zn(1)-Cl(1)  2.4747(3) 
Zn(1)-Cl(1)#1  2.4747(3) 
Cl(1)-Zn(1)#4  2.4747(3) 
N(1)-C(3)  1.3333(16) 
N(1)-C(1)  1.3415(19) 
C(1)-C(2)  1.3778(19) 
C(1)-H(1)  0.9500 
C(2)-C(1)#5  1.3778(19) 
C(2)-H(2)  0.9500 
C(3)-N(1)#5  1.3333(16) 
C(3)-H(3)  0.9500 
 
N(1)#1-Zn(1)-N(1) 180.00(7) 
N(1)#1-Zn(1)-Cl(1)#2 89.83(2) 
N(1)-Zn(1)-Cl(1)#2 90.17(2) 
N(1)#1-Zn(1)-Cl(1)#3 90.17(2) 
N(1)-Zn(1)-Cl(1)#3 89.83(2) 
Cl(1)#2-Zn(1)-Cl(1)#3 180.000(19) 
N(1)#1-Zn(1)-Cl(1) 90.17(2) 
N(1)-Zn(1)-Cl(1) 89.83(2) 
Cl(1)#2-Zn(1)-Cl(1) 88.418(14) 
Cl(1)#3-Zn(1)-Cl(1) 91.582(14) 
N(1)#1-Zn(1)-Cl(1)#1 89.83(2) 
N(1)-Zn(1)-Cl(1)#1 90.17(2) 
Cl(1)#2-Zn(1)-Cl(1)#1 91.582(14) 
Cl(1)#3-Zn(1)-Cl(1)#1 88.418(14) 
Cl(1)-Zn(1)-Cl(1)#1 180.000(14) 
Zn(1)#4-Cl(1)-Zn(1) 91.582(14) 
C(3)-N(1)-C(1) 117.19(14) 
C(3)-N(1)-Zn(1) 121.54(11) 
C(1)-N(1)-Zn(1) 121.27(10) 
N(1)-C(1)-C(2) 121.72(15) 
N(1)-C(1)-H(1) 119.1 
C(2)-C(1)-H(1) 119.1 
C(1)-C(2)-C(1)#5 117.2(2) 
C(1)-C(2)-H(2) 121.4 
C(1)#5-C(2)-H(2) 121.4 
N(1)#5-C(3)-N(1) 125.02(19) 
N(1)#5-C(3)-H(3) 117.5 
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N(1)-C(3)-H(3) 117.5 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+1,-y,-z    #2 -x+1,-y-1,-z    #3 x,y+1,z       
#4 x,y-1,z    #5 -x+3/2,-y,z       
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 Table A.16.   Anisotropic displacement parameters  (Å
2
x 10
3
) for Compound 4 
[ZnCl
2
(pyrimidine)]
∞
.  The anisotropic displacement factor exponent takes the form:  
-2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Zn(1) 4(1)  10(1) 8(1)  0 -1(1)  0 
Cl(1) 7(1)  10(1) 8(1)  0 1(1)  0 
N(1) 6(1)  11(1) 7(1)  0 1(1)  0 
C(1) 8(1)  17(1) 8(1)  0 1(1)  0 
C(2) 8(1)  22(1) 7(1)  0 0  0 
C(3) 7(1)  12(1) 8(1)  0 0  0 
____________________________________________________________________
____
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Figure A.5. Ellipsoid plot for compound 5 [ZnCl
2
(4,6-dimethylpyrimidine)]
∞
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Table A.17.  Crystal data and structure refinement for compound 5 [ZnCl
2
(4,6-
dimethylpyrimidine)]
∞.
  
 
Empirical formula  C4 H8 Cl2 N2 Zn 
Formula weight  220.39 
Temperature  173(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  P2(1)2(1)2(1) 
Unit cell dimensions a = 6.4163(4) Å α= 90°. 
 b = 8.0089(5) Å β= 90°. 
 c = 17.2442(11) Å γ = 90°. 
Volume 886.14(10) Å
3
 
Z 5 
Density (calculated) 2.065 Mg/m
3
 
Absorption coefficient 4.122 mm
-1
 
F(000) 550 
Crystal size 0.15 x 0.15 x 0.04 mm
3
 
Theta range for data collection 2.36 to 30.43°. 
Index ranges -8<=h<=9, -11<=k<=11, -23<=l<=23 
Reflections collected 12513 
Independent reflections 2560 [R(int) = 0.0209] 
Completeness to theta = 28.00° 100.0 %  
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 2560 / 0 / 100 
Goodness-of-fit on F
2
 1.090 
Final R indices [I>2sigma(I)] R1 = 0.0278, wR2 = 0.0696 
R indices (all data) R1 = 0.0292, wR2 = 0.0701 
Absolute structure parameter 0.319(13) 
Largest diff. peak and hole 0.317 and -0.334 e.Å
-3
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 Table A.18.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 5 [ZnCl
2
(4,6-dimethylpyrimidine)]
∞
.  U(eq) is 
defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Zn(1) 2816(1) 6116(1) 1886(1) 27(1) 
Cl(2) 6216(1) 6505(1) 1950(1) 49(1) 
Cl(3) 1735(1) 4317(1) 973(1) 39(1) 
C(2) 38(4) 9041(3) 2207(1) 27(1) 
N(1) 1253(3) 8377(3) 1662(1) 27(1) 
C(6) 1156(4) 9067(3) 945(1) 28(1) 
C(5) -328(5) 10277(3) 791(2) 32(1) 
C(7) 2667(6) 8499(4) 342(2) 43(1) 
N(3) -1341(3) 10270(2) 2108(1) 25(1) 
C(4) -1615(4) 10850(3) 1378(1) 29(1) 
C(8) -3286(5) 12103(4) 1230(2) 43(1) 
____________________________________________________________________
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 Table A.19.   Bond lengths [Å] and angles [°] for compound 5 [ZnCl
2
(4,6-
dimethylpyrimidine)]
∞
. 
_____________________________________________________  
Zn(1)-N(3)#1  2.090(2) 
Zn(1)-N(1)  2.106(2) 
Zn(1)-Cl(2)  2.2061(7) 
Zn(1)-Cl(3)  2.2434(7) 
C(2)-N(1)  1.332(3) 
C(2)-N(3)  1.335(3) 
N(1)-C(6)  1.356(3) 
C(6)-C(5)  1.385(4) 
C(6)-C(7)  1.492(4) 
C(5)-C(4)  1.385(4) 
N(3)-C(4)  1.353(3) 
N(3)-Zn(1)#2  2.090(2) 
C(4)-C(8)  1.491(4) 
 
N(3)#1-Zn(1)-N(1) 102.42(8) 
N(3)#1-Zn(1)-Cl(2) 116.88(6) 
N(1)-Zn(1)-Cl(2) 111.01(6) 
N(3)#1-Zn(1)-Cl(3) 103.55(6) 
N(1)-Zn(1)-Cl(3) 106.07(6) 
Cl(2)-Zn(1)-Cl(3) 115.56(3) 
N(1)-C(2)-N(3) 126.3(2) 
C(2)-N(1)-C(6) 117.0(2) 
C(2)-N(1)-Zn(1) 119.53(16) 
C(6)-N(1)-Zn(1) 122.62(16) 
N(1)-C(6)-C(5) 119.5(2) 
N(1)-C(6)-C(7) 118.8(2) 
C(5)-C(6)-C(7) 121.8(2) 
C(6)-C(5)-C(4) 120.1(2) 
C(2)-N(3)-C(4) 117.3(2) 
C(2)-N(3)-Zn(1)#2 115.66(16) 
C(4)-N(3)-Zn(1)#2 127.07(16) 
N(3)-C(4)-C(5) 119.3(2) 
N(3)-C(4)-C(8) 118.9(2) 
C(5)-C(4)-C(8) 121.8(2) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x,y-1/2,-z+1/2    #2 -x,y+1/2,-z+1/2       
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 Table A.20.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 5 
[ZnCl
2
(4,6-dimethylpyrimidine)]
∞
.  The anisotropic displacement factor exponent 
takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Zn(1) 25(1)  25(1) 31(1)  0(1) 2(1)  0(1) 
Cl(2) 26(1)  46(1) 74(1)  -4(1) 1(1)  -4(1) 
Cl(3) 46(1)  39(1) 32(1)  -7(1) 5(1)  -7(1) 
C(2) 30(1)  25(1) 25(1)  1(1) -1(1)  2(1) 
N(1) 28(1)  26(1) 26(1)  2(1) 1(1)  1(1) 
C(6) 35(1)  25(1) 25(1)  0(1) 2(1)  -4(1) 
C(5) 45(1)  29(1) 23(1)  2(1) -3(1)  3(1) 
C(7) 54(2)  44(1) 32(1)  4(1) 15(1)  5(1) 
N(3) 27(1)  22(1) 27(1)  -1(1) -2(1)  1(1) 
C(4) 33(1)  23(1) 31(1)  -1(1) -8(1)  1(1) 
C(8) 50(2)  38(1) 40(1)  0(1) -10(1)  16(1) 
____________________________________________________________________
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Figure A.6. Ellipsoid plot for compound 6 ZnCl
2
(2-hydroxy-4,6-
dimethylpyrimidine)(H
2
O)]. 
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Table A.21.  Crystal data and structure refinement for compound 6 ZnCl
2
(2-
hydroxy-4,6-dimethylpyrimidine)(H
2
O)]. 
 
Empirical formula  C6 H10 Cl2 N2 O2 Zn 
Formula weight  278.43 
Temperature  173(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a = 5.6433(14) Å         α= 90°. 
 b = 22.645(6) Å           β=91.176(5)°. 
 c = 8.442(2) Å             γ = 90°. 
Volume 1078.6(5) Å
3
 
Z 4 
Density (calculated) 1.715 Mg/m
3
 
Absorption coefficient 2.743 mm
-1
 
F(000) 560 
Crystal size 0.20 x 0.15 x 0.05 mm
3
 
Theta range for data collection 1.80 to 30.54°. 
Index ranges -7<=h<=8, -32<=k<=30, -12<=l<=11 
Reflections collected 13374 
Independent reflections 3012 [R(int) = 0.1949] 
Completeness to theta = 28.00° 95.8 %  
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 3012 / 0 / 125 
Goodness-of-fit on F
2
 1.105 
Final R indices [I>2sigma(I)] R1 = 0.1587, wR2 = 0.3651 
R indices (all data) R1 = 0.2656, wR2 = 0.4172 
Extinction coefficient 0.001(5) 
Largest diff. peak and hole 1.868 and -1.506 e.Å
-3
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 Table A.22.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 6 ZnCl
2
(2-hydroxy-4,6-
dimethylpyrimidine)(H
2
O)].  U(eq) is defined as one third of  the trace of the 
orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Zn(1) 3413(3) 3802(1) 1969(2) 36(1) 
Cl(2) 1152(8) 4339(2) 3639(5) 48(1) 
Cl(1) 4896(9) 2993(2) 3045(6) 62(1) 
N(1) 1320(20) 3738(5) -53(14) 35(3) 
C(2) 1220(30) 4270(6) -806(15) 33(3) 
O(1) 2590(20) 4686(6) -412(15) 55(3) 
N(3) -490(30) 4355(6) -1971(14) 43(3) 
C(4) -2060(30) 3940(7) -2380(20) 40(3) 
C(5) -1830(30) 3406(7) -1710(20) 45(4) 
C(6) -170(30) 3315(7) -497(19) 40(3) 
C(7) 50(40) 2737(8) 350(30) 64(5) 
C(8) -3880(40) 4097(10) -3620(20) 64(5) 
O(99) 6380(20) 4252(5) 1596(16) 49(3) 
____________________________________________________________________
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 Table A.23.   Bond lengths [Å] and angles [°] for compound 6 ZnCl
2
(2-hydroxy-
4,6-dimethylpyrimidine)(H
2
O)]. 
_____________________________________________________  
Zn(1)-O(99)  1.992(11) 
Zn(1)-N(1)  2.062(13) 
Zn(1)-Cl(1)  2.201(4) 
Zn(1)-Cl(2)  2.273(5) 
N(1)-C(6)  1.322(19) 
N(1)-C(2)  1.363(18) 
C(2)-O(1)  1.261(18) 
C(2)-N(3)  1.378(19) 
N(3)-C(4)  1.330(19) 
C(4)-C(5)  1.34(2) 
C(4)-C(8)  1.50(2) 
C(5)-C(6)  1.39(2) 
C(6)-C(7)  1.50(2) 
 
O(99)-Zn(1)-N(1) 112.0(5) 
O(99)-Zn(1)-Cl(1) 100.2(4) 
N(1)-Zn(1)-Cl(1) 119.3(3) 
O(99)-Zn(1)-Cl(2) 108.0(4) 
N(1)-Zn(1)-Cl(2) 103.4(3) 
Cl(1)-Zn(1)-Cl(2) 113.7(2) 
C(6)-N(1)-C(2) 119.2(13) 
C(6)-N(1)-Zn(1) 129.4(11) 
C(2)-N(1)-Zn(1) 110.0(9) 
O(1)-C(2)-N(1) 121.1(13) 
O(1)-C(2)-N(3) 120.2(13) 
N(1)-C(2)-N(3) 118.6(13) 
C(4)-N(3)-C(2) 122.4(14) 
N(3)-C(4)-C(5) 118.1(15) 
N(3)-C(4)-C(8) 117.1(16) 
C(5)-C(4)-C(8) 124.7(15) 
C(4)-C(5)-C(6) 120.1(14) 
N(1)-C(6)-C(5) 121.1(14) 
N(1)-C(6)-C(7) 116.9(15) 
C(5)-C(6)-C(7) 121.9(14) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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Table A.24.   Anisotropic displacement parameters  (Å
2
x 10
3
) for Compound 6 
ZnCl
2
(2-hydroxy-4,6-dimethylpyrimidine)(H
2
O)].  
The anisotropic displacement factor exponent takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  
+ 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________
____  
Zn(1) 34(1)  34(1) 39(1)  3(1) -4(1)  3(1) 
Cl(2) 47(2)  55(2) 41(2)  1(2) -3(2)  10(2) 
Cl(1) 67(3)  39(2) 80(3)  9(2) -13(2)  13(2) 
N(1) 41(6)  29(6) 34(6)  -10(5) 5(5)  2(5) 
C(2) 43(8)  39(8) 17(6)  -2(5) -1(5)  -5(6) 
O(1) 52(7)  58(7) 55(7)  7(6) -19(6)  -13(6) 
N(3) 59(9)  42(7) 28(6)  -4(5) -8(6)  -9(6) 
C(4) 41(8)  35(8) 43(8)  -8(6) -9(6)  -8(6) 
C(5) 48(9)  36(8) 51(9)  -4(7) -18(7)  -1(7) 
C(6) 46(9)  33(7) 42(8)  -4(6) 4(7)  -4(6) 
C(7) 79(14)  36(9) 76(13)  4(9) -18(11)  -4(9) 
C(8) 67(12)  88(15) 37(9)  -8(9) -15(9)  -11(11) 
O(99) 31(6)  53(7) 63(8)  25(6) -11(5)  -11(5) 
____________________________________________________________________
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Figure A.7. Ellipsoid plot for compound 7 Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4. 
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Table A.25.  Crystal data and structure refinement for compound 7 Ag
-
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4. 
 
Empirical formula  C16 H18 Ag F3 N2 O2 
Formula weight  435.19 
Temperature  298(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a = 8.398(3) Å          α= 68.420(6)°. 
 b = 10.623(4) Å        β= 89.599(6)°. 
 c = 11.793(4) Å        γ= 67.611(5)°. 
Volume 893.7(5) Å
3
 
Z 2 
Density (calculated) 1.617 Mg/m
3
 
Absorption coefficient 1.167 mm
-1
 
F(000) 436 
Crystal size 0.25 x 0.1 x 0.05 mm
3
 
Theta range for data collection 1.88 to 30.28°. 
Index ranges -11<=h<=11, -14<=k<=14, -16<=l<=16 
Reflections collected 13173 
Independent reflections 9579 [R(int) = 0.0449] 
Completeness to theta = 30.28° 94.6 %  
Absorption correction Empirical 
Max. and min. transmission 0.862 and 0.547 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 9579 / 7 / 434 
Goodness-of-fit on F
2
 0.924 
Final R indices [I>2sigma(I)] R1 = 0.0574, wR2 = 0.0984 
R indices (all data) R1 = 0.1438, wR2 = 0.1225 
Absolute structure parameter 0.43(6) 
Largest diff. peak and hole 0.544 and -0.273 e.Å
-3
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Table A.26.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 7 Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4.
.  U(eq) is 
defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 3593(1) 4422(1) 5454(1) 70(1) 
Ag(2) 1469(1) 2954(1) 4579(1) 71(1) 
N(11) 2211(18) 4878(13) 6920(12) 66(4) 
C(12) 1908(14) 3765(14) 7843(8) 51(4) 
C(13) 960(20) 4038(18) 8750(15) 55(4) 
C(14) 290(20) 5530(20) 8608(17) 82(5) 
C(15) 510(20) 6664(17) 7755(15) 64(5) 
C(16) 1502(19) 6240(16) 6966(14) 62(4) 
C(17) 570(20) 2750(20) 9693(13) 93(6) 
C(18) -200(30) 8290(20) 7640(20) 113(7) 
N(21) 5582(18) 3704(13) 4339(12) 59(4) 
C(22) 6446(19) 2328(17) 4561(11) 70(5) 
C(23) 7810(20) 1802(14) 3903(13) 78(5) 
C(24) 8186(15) 2827(13) 3049(13) 49(4) 
C(25) 7184(18) 4381(13) 2761(13) 52(4) 
C(26) 6001(16) 4674(14) 3525(14) 48(4) 
C(27) 8740(20) 209(18) 4163(15) 82(5) 
C(28) 7830(20) 5543(17) 1809(13) 89(6) 
N(31) -574(15) 3713(15) 5645(11) 50(3) 
C(32) -1010(20) 2669(16) 6603(14) 60(4) 
C(33) -2399(17) 3115(19) 7228(13) 55(4) 
C(34) -3250(20) 4540(20) 7045(15) 73(5) 
C(35) -2795(10) 5653(14) 6082(11) 49(4) 
C(36) -1550(17) 5158(10) 5451(12) 48(4) 
C(37) -2630(20) 1855(18) 8196(15) 82(5) 
C(38) -3820(30) 7298(17) 5805(19) 111(8) 
N(41) 2842(14) 2496(14) 3078(9) 45(3) 
C(42) 3476(15) 1126(16) 3150(13) 57(4) 
C(43) 4470(20) 720(20) 2261(16) 65(5) 
C(44) 4930(20) 1805(16) 1323(13) 52(3) 
C(45) 4280(20) 3196(18) 1309(12) 55(4) 
C(46) 3195(19) 3523(12) 2165(14) 67(4) 
C(47) 5150(20) -770(20) 2256(18) 83(5) 
C(48) 4539(19) 4418(16) 297(14) 70(4) 
C(1) 3520(20) 285(15) 6895(9) 59(4) 
C(2) 4270(20) -949(19) 8252(16) 100(7) 
O(1) 4110(20) 1235(16) 6590(15) 113(5) 
O(2) 2730(20) 70(15) 6260(14) 90(4) 
F(1) 4020(20) -2112(15) 8457(13) 180(7) 
F(2) 5915(14) -1444(17) 8522(13) 196(8) 
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F(3) 3560(30) -381(15) 8980(11) 235(11) 
C(3) 1359(18) 7153(15) 3129(11) 68(5) 
C(4) 835(17) 8243(13) 1772(10) 84(7) 
O(3) 2440(20) 7365(16) 3770(14) 86(4) 
O(4) 1013(18) 6063(12) 3345(12) 80(4) 
F(4) -430(30) 8200(20) 1232(13) 245(10) 
F(5) 2033(18) 8070(19) 1118(11) 186(7) 
F(6) 420(30) 9564(12) 1630(10) 208(9) 
____________________________________________________________________
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Table A.27.   Bond lengths [Å] and angles [°] for compound 7 Ag
2
(CF
2
CO
2
)
2
(3,5-
lutidine)
4.
. 
_____________________________________________________  
Ag(1)-N(11)  2.175(13) 
Ag(1)-N(21)  2.200(14) 
Ag(1)-Ag(2)  3.1629(9) 
Ag(2)-N(31)  2.199(11) 
Ag(2)-N(41)  2.209(10) 
N(11)-C(16)  1.361(19) 
N(11)-C(12)  1.388(15) 
C(12)-C(13)  1.380(19) 
C(13)-C(14)  1.41(2) 
C(13)-C(17)  1.56(2) 
C(14)-C(15)  1.33(2) 
C(15)-C(16)  1.33(2) 
C(15)-C(18)  1.55(2) 
N(21)-C(22)  1.282(18) 
N(21)-C(26)  1.285(19) 
C(22)-C(23)  1.431(19) 
C(23)-C(24)  1.32(2) 
C(23)-C(27)  1.48(2) 
C(24)-C(25)  1.443(16) 
C(25)-C(26)  1.362(18) 
C(25)-C(28)  1.601(18) 
N(31)-C(36)  1.366(15) 
N(31)-C(32)  1.424(19) 
C(32)-C(33)  1.395(19) 
C(33)-C(34)  1.34(2) 
C(33)-C(37)  1.48(2) 
C(34)-C(35)  1.48(2) 
C(35)-C(36)  1.335(16) 
C(35)-C(38)  1.53(2) 
N(41)-C(42)  1.314(18) 
N(41)-C(46)  1.346(16) 
C(42)-C(43)  1.43(2) 
C(43)-C(44)  1.45(2) 
C(43)-C(47)  1.47(2) 
C(44)-C(45)  1.36(2) 
C(45)-C(46)  1.41(2) 
C(45)-C(48)  1.493(19) 
C(1)-O(2)  1.14(2) 
C(1)-O(1)  1.22(2) 
C(1)-C(2)  1.587(18) 
C(2)-F(3)  1.248(17) 
C(2)-F(1)  1.268(17) 
C(2)-F(2)  1.269(19) 
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C(3)-O(4)  1.24(2) 
C(3)-O(3)  1.32(2) 
C(3)-C(4)  1.534(9) 
C(4)-F(6)  1.255(13) 
C(4)-F(5)  1.263(13) 
C(4)-F(4)  1.267(13) 
 
N(11)-Ag(1)-N(21) 165.2(5) 
N(11)-Ag(1)-Ag(2) 100.9(4) 
N(21)-Ag(1)-Ag(2) 88.8(4) 
N(31)-Ag(2)-N(41) 162.9(4) 
N(31)-Ag(2)-Ag(1) 89.6(3) 
N(41)-Ag(2)-Ag(1) 101.5(3) 
C(16)-N(11)-C(12) 115.8(12) 
C(16)-N(11)-Ag(1) 124.1(9) 
C(12)-N(11)-Ag(1) 120.0(9) 
C(13)-C(12)-N(11) 121.4(13) 
C(12)-C(13)-C(14) 113.9(14) 
C(12)-C(13)-C(17) 117.8(14) 
C(14)-C(13)-C(17) 127.8(16) 
C(15)-C(14)-C(13) 128.7(15) 
C(14)-C(15)-C(16) 111.4(14) 
C(14)-C(15)-C(18) 127.6(14) 
C(16)-C(15)-C(18) 121.0(15) 
C(15)-C(16)-N(11) 128.8(13) 
C(22)-N(21)-C(26) 119.2(13) 
C(22)-N(21)-Ag(1) 121.4(9) 
C(26)-N(21)-Ag(1) 119.1(9) 
N(21)-C(22)-C(23) 123.6(12) 
C(24)-C(23)-C(22) 116.0(12) 
C(24)-C(23)-C(27) 122.1(14) 
C(22)-C(23)-C(27) 121.9(14) 
C(23)-C(24)-C(25) 121.0(12) 
C(26)-C(25)-C(24) 114.8(12) 
C(26)-C(25)-C(28) 125.9(12) 
C(24)-C(25)-C(28) 117.8(12) 
N(21)-C(26)-C(25) 124.9(12) 
C(36)-N(31)-C(32) 114.4(11) 
C(36)-N(31)-Ag(2) 125.4(9) 
C(32)-N(31)-Ag(2) 120.2(10) 
C(33)-C(32)-N(31) 121.8(14) 
C(34)-C(33)-C(32) 121.0(15) 
C(34)-C(33)-C(37) 125.2(13) 
C(32)-C(33)-C(37) 113.3(14) 
C(33)-C(34)-C(35) 118.4(13) 
C(36)-C(35)-C(34) 117.2(12) 
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C(36)-C(35)-C(38) 123.3(12) 
C(34)-C(35)-C(38) 119.3(12) 
C(35)-C(36)-N(31) 126.7(11) 
C(42)-N(41)-C(46) 119.0(11) 
C(42)-N(41)-Ag(2) 117.9(9) 
C(46)-N(41)-Ag(2) 122.8(9) 
N(41)-C(42)-C(43) 121.5(13) 
C(42)-C(43)-C(44) 119.1(14) 
C(42)-C(43)-C(47) 124.2(14) 
C(44)-C(43)-C(47) 116.7(14) 
C(45)-C(44)-C(43) 116.8(14) 
C(44)-C(45)-C(46) 119.9(12) 
C(44)-C(45)-C(48) 120.1(12) 
C(46)-C(45)-C(48) 119.6(14) 
N(41)-C(46)-C(45) 123.4(11) 
O(2)-C(1)-O(1) 126.6(14) 
O(2)-C(1)-C(2) 117.1(14) 
O(1)-C(1)-C(2) 115.0(16) 
F(3)-C(2)-F(1) 109.1(16) 
F(3)-C(2)-F(2) 109.1(19) 
F(1)-C(2)-F(2) 103.0(17) 
F(3)-C(2)-C(1) 107.3(14) 
F(1)-C(2)-C(1) 114.5(14) 
F(2)-C(2)-C(1) 113.6(14) 
O(4)-C(3)-O(3) 130.5(14) 
O(4)-C(3)-C(4) 113.7(15) 
O(3)-C(3)-C(4) 113.6(14) 
F(6)-C(4)-F(5) 101.0(13) 
F(6)-C(4)-F(4) 107.6(15) 
F(5)-C(4)-F(4) 106.4(16) 
F(6)-C(4)-C(3) 113.4(12) 
F(5)-C(4)-C(3) 115.2(12) 
F(4)-C(4)-C(3) 112.3(12) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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Table A.28.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 7            
Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4
.  The anisotropic displacement factor exponent takes 
the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 63(1)  83(1) 67(1)  -35(1) 29(1)  -26(1) 
Ag(2) 74(1)  77(1) 55(1)  -27(1) 28(1)  -23(1) 
N(11) 77(9)  31(6) 79(8)  -9(6) 28(7)  -22(6) 
C(12) 37(6)  99(9) 18(4)  -18(5) 0(4)  -32(6) 
C(13) 51(7)  58(8) 69(9)  -34(7) 1(6)  -26(6) 
C(14) 63(8)  126(13) 71(9)  -68(10) 19(7)  -25(9) 
C(15) 72(10)  54(9) 53(10)  -24(8) 28(8)  -10(7) 
C(16) 89(10)  65(9) 55(8)  -18(7) 13(7)  -60(8) 
C(17) 129(13)  141(13) 39(7)  -8(7) -2(7)  -110(11) 
C(18) 159(17)  74(11) 97(12)  -53(10) 23(11)  -21(10) 
N(21) 79(9)  33(6) 57(8)  -9(5) 16(6)  -22(6) 
C(22) 48(7)  116(12) 28(6)  -21(7) 12(5)  -23(7) 
C(23) 138(12)  33(7) 49(8)  -20(6) -16(7)  -17(7) 
C(24) 26(5)  40(7) 65(8)  -25(6) 10(5)  9(5) 
C(25) 70(9)  30(5) 60(7)  -13(5) 10(6)  -28(5) 
C(26) 31(6)  49(7) 74(9)  -47(7) 17(6)  -4(5) 
C(27) 69(8)  84(11) 76(10)  -38(8) 17(7)  -9(8) 
C(28) 113(12)  73(10) 59(8)  3(7) 37(8)  -42(9) 
N(31) 37(6)  79(9) 37(6)  -31(6) 11(5)  -19(6) 
C(32) 85(10)  60(8) 40(7)  -10(6) 17(7)  -45(7) 
C(33) 25(4)  111(11) 47(6)  -46(7) 20(4)  -32(6) 
C(34) 88(10)  114(13) 51(8)  -49(8) 36(7)  -62(9) 
C(35) 13(4)  68(8) 61(8)  -29(6) 17(4)  -8(4) 
C(36) 61(8)  11(4) 70(8)  -19(5) -1(6)  -12(4) 
C(37) 81(9)  107(12) 117(13)  -79(10) 57(9)  -66(9) 
C(38) 146(16)  29(7) 126(16)  -23(8) 20(12)  -11(8) 
N(41) 41(6)  63(8) 31(5)  -24(5) 7(4)  -14(6) 
C(42) 31(5)  60(8) 49(7)  -11(6) 21(5)  1(5) 
C(43) 71(10)  81(11) 61(11)  -26(9) 9(8)  -52(9) 
C(44) 63(7)  56(7) 43(6)  -16(5) 30(5)  -36(6) 
C(45) 62(8)  75(10) 26(6)  -14(6) 14(5)  -32(7) 
C(46) 81(9)  22(5) 96(11)  -29(6) 9(8)  -12(5) 
C(47) 91(10)  68(10) 107(12)  -37(8) 44(9)  -47(8) 
C(48) 82(9)  49(6) 76(9)  -20(6) 37(7)  -28(6) 
C(1) 76(9)  51(8) 27(6)  3(5) 16(5)  -20(7) 
C(2) 115(16)  95(13) 130(15)  -69(11) 56(13)  -59(12) 
O(1) 139(12)  105(10) 115(10)  -28(8) 32(9)  -84(9) 
O(2) 93(9)  76(9) 79(9)  -29(7) -1(7)  -14(7) 
F(1) 192(10)  110(9) 186(11)  44(7) -4(8)  -108(9) 
F(2) 78(5)  181(12) 184(12)  48(8) -39(6)  -18(6) 
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F(3) 460(30)  127(7) 73(6)  -44(5) 113(12)  -75(13) 
C(3) 40(6)  51(8) 112(12)  -41(8) 30(7)  -9(6) 
C(4) 85(12)  68(10) 46(8)  25(7) 10(8)  -21(8) 
O(3) 91(9)  76(8) 91(10)  -30(7) 29(8)  -36(7) 
O(4) 105(8)  50(6) 64(6)  -5(5) 26(6)  -28(6) 
F(4) 310(20)  295(19) 110(8)  68(10) -79(11)  -240(17) 
F(5) 167(8)  223(16) 95(6)  -3(7) 79(6)  -63(9) 
F(6) 380(20)  62(6) 82(6)  2(5) 35(9)  -14(8) 
____________________________________________________________________ 
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Figure A.8. Ellipsoid plot for compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
. 
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Table A.29.  Crystal data and structure refinement for compound 8 Ag
2
(CF
2
CO
2
)-
2
(3,4-lutidine)
4
. 
 
Empirical formula  C9 H9 Ag F3 N O2 
Formula weight  328.04 
Temperature  298(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a = 9.370(3) Å        α= 68.843(5)°. 
 b = 10.062(3) Å      β= 68.296(5)°. 
 c = 11.618(3) Å     γ = 71.701(5)°. 
Volume 928.2(4) Å
3
 
Z 2 
Density (calculated) 1.174 Mg/m
3
 
Absorption coefficient 1.101 mm
-1
 
F(000) 320 
Crystal size 0.25 x 0.1 x 0.1 mm
3
 
Theta range for data collection 1.96 to 30.36°. 
Index ranges -13<=h<=13, -14<=k<=13, -16<=l<=16 
Reflections collected 13151 
Independent reflections 9452 [R(int) = 0.0259] 
Completeness to theta = 28.00° 99.4 %  
Absorption correction Empirical 
Max. and min. transmission 1.000 and 0.540 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 9452 / 3 / 452 
Goodness-of-fit on F
2
 0.963 
Final R indices [I>2sigma(I)] R1 = 0.0513, wR2 = 0.1125 
R indices (all data) R1 = 0.1199, wR2 = 0.1370 
Absolute structure parameter 0.45(6) 
Largest diff. peak and hole 0.568 and -0.351 e.Å
-3
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 Table A.30.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
.  U(eq) is 
defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 1983(1) 2829(1) 6943(1) 85(1) 
Ag(2) 5082(1) 4121(1) 6307(1) 86(1) 
N(31) 3708(13) 5827(12) 7341(10) 74(3) 
N(1) 3220(12) 1223(10) 5916(9) 70(3) 
N(11) 707(9) 3817(8) 8535(6) 54(2) 
N(21) 6350(13) 3155(13) 4715(13) 96(4) 
C(14) -755(15) 5163(11) 10487(13) 74(4) 
C(35) 1554(17) 7788(16) 7692(12) 79(4) 
C(24) 7851(15) 1795(15) 2686(12) 74(4) 
C(12) 1367(16) 3617(14) 9411(14) 83(4) 
C(6) 4520(20) 181(18) 6171(14) 96(5) 
C(26) 5797(12) 3469(12) 3683(10) 58(3) 
C(5) 5406(14) -869(13) 5582(14) 74(4) 
C(36) 2473(12) 6728(11) 7051(11) 56(3) 
C(22) 7771(12) 2204(13) 4702(11) 66(3) 
C(13) 650(15) 4235(12) 10443(11) 61(3) 
C(16) -574(19) 4798(15) 8602(15) 87(4) 
C(15) -1414(14) 5468(14) 9490(12) 75(3) 
C(25) 6415(14) 2848(16) 2675(13) 80(4) 
C(23) 8477(12) 1529(12) 3636(15) 92(5) 
C(2) 2855(15) 1084(10) 4975(11) 69(3) 
C(34) 2013(15) 7997(13) 8584(14) 71(3) 
C(4) 4888(18) -822(16) 4550(11) 82(4) 
C(32) 4209(16) 5845(18) 8285(14) 96(5) 
C(33) 3410(20) 7025(19) 8880(15) 111(6) 
C(3) 3664(13) 137(14) 4289(12) 69(3) 
O(1) 2143(15) 5159(14) 5151(11) 120(4) 
O(3) 4929(13) 1828(12) 8119(10) 108(3) 
C(37) 190(20) 8742(17) 7350(20) 137(7) 
C(7) 6882(12) -1901(16) 5986(13) 96(4) 
C(18) 1542(18) 3730(20) 11491(14) 118(6) 
C(51) 5860(12) 1363(13) 8719(12) 85(4) 
C(52) 5610(20) 73(15) 9876(12) 109(6) 
O(2) -61(17) 5354(15) 4778(14) 176(5) 
C(28) 8700(20) 967(17) 1659(12) 109(5) 
C(27) 5662(19) 3083(18) 1755(15) 106(5) 
C(17) -1594(18) 5849(17) 11586(16) 102(5) 
F(6) 5777(17) -1086(10) 9497(15) 174(5) 
F(5) 4202(15) 161(17) 10573(14) 228(8) 
F(4) 6843(13) -370(12) 10404(11) 154(4) 
  
179 
C(8) 5790(20) -2150(20) 3934(15) 119(6) 
C(38) 1150(20) 9024(16) 9408(17) 122(6) 
O(4) 6605(16) 2240(14) 8752(13) 146(4) 
F(1) 2718(19) 6610(14) 2442(10) 180(6) 
F(2) 1575(19) 7933(12) 3701(12) 180(6) 
F(3) 710(20) 7405(15) 2698(15) 239(8) 
C(41) 1320(20) 5489(14) 4503(9) 100(5) 
C(42) 1528(18) 6868(15) 3410(16) 98(5) 
O(99) -2050(30) 3970(50) 6820(40) 480(20) 
C(99) -722(11) 2747(10) 6587(10) 91(2) 
____________________________________________________________________
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Table A.31. Bond lengths [Å] and angles [°] for compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-
lutidine)
4
. 
_____________________________________________________  
Ag(1)-N(1)  2.139(11) 
Ag(1)-N(11)  2.187(7) 
Ag(1)-O(1)  2.514(12) 
Ag(1)-Ag(2)  3.2798(10) 
Ag(2)-N(21)  2.174(12) 
Ag(2)-N(31)  2.237(9) 
Ag(2)-O(3)  2.501(11) 
N(31)-C(36)  1.297(16) 
N(31)-C(32)  1.350(18) 
N(1)-C(2)  1.323(15) 
N(1)-C(6)  1.38(2) 
N(11)-C(16)  1.289(17) 
N(11)-C(12)  1.303(17) 
N(21)-C(22)  1.373(16) 
N(21)-C(26)  1.375(16) 
C(14)-C(13)  1.350(18) 
C(14)-C(15)  1.404(18) 
C(14)-C(17)  1.51(2) 
C(35)-C(34)  1.36(2) 
C(35)-C(37)  1.43(2) 
C(35)-C(36)  1.399(18) 
C(24)-C(23)  1.343(19) 
C(24)-C(25)  1.43(2) 
C(24)-C(28)  1.532(18) 
C(12)-C(13)  1.398(19) 
C(6)-C(5)  1.35(2) 
C(26)-C(25)  1.377(17) 
C(5)-C(4)  1.43(2) 
C(5)-C(7)  1.561(19) 
C(22)-C(23)  1.467(17) 
C(13)-C(18)  1.575(13) 
C(16)-C(15)  1.307(19) 
C(25)-C(27)  1.402(19) 
C(2)-C(3)  1.329(16) 
C(34)-C(33)  1.44(2) 
C(34)-C(38)  1.502(19) 
C(4)-C(3)  1.30(2) 
C(4)-C(8)  1.592(19) 
C(32)-C(33)  1.45(2) 
O(1)-C(41)  1.167(19) 
O(3)-C(51)  1.193(15) 
C(51)-O(4)  1.304(15) 
C(51)-C(52)  1.498(19) 
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C(52)-F(5)  1.264(19) 
C(52)-F(6)  1.336(16) 
C(52)-F(4)  1.381(17) 
O(2)-C(41)  1.250(18) 
F(1)-C(42)  1.295(18) 
F(2)-C(42)  1.252(16) 
F(3)-C(42)  1.201(16) 
C(41)-C(42)  1.514(18) 
O(99)-C(99)  1.47(2) 
 
N(1)-Ag(1)-N(11) 160.8(3) 
N(1)-Ag(1)-O(1) 101.9(4) 
N(11)-Ag(1)-O(1) 97.3(3) 
N(1)-Ag(1)-Ag(2) 94.8(3) 
N(11)-Ag(1)-Ag(2) 91.7(2) 
O(1)-Ag(1)-Ag(2) 66.1(3) 
N(21)-Ag(2)-N(31) 159.2(4) 
N(21)-Ag(2)-O(3) 98.6(4) 
N(31)-Ag(2)-O(3) 101.9(4) 
N(21)-Ag(2)-Ag(1) 91.9(3) 
N(31)-Ag(2)-Ag(1) 93.1(3) 
O(3)-Ag(2)-Ag(1) 66.8(3) 
C(36)-N(31)-C(32) 122.5(10) 
C(36)-N(31)-Ag(2) 120.7(7) 
C(32)-N(31)-Ag(2) 116.8(10) 
C(2)-N(1)-C(6) 111.3(11) 
C(2)-N(1)-Ag(1) 125.4(8) 
C(6)-N(1)-Ag(1) 123.3(9) 
C(16)-N(11)-C(12) 113.6(10) 
C(16)-N(11)-Ag(1) 125.7(8) 
C(12)-N(11)-Ag(1) 119.7(7) 
C(22)-N(21)-C(26) 117.1(10) 
C(22)-N(21)-Ag(2) 120.3(9) 
C(26)-N(21)-Ag(2) 122.6(8) 
C(13)-C(14)-C(15) 118.4(11) 
C(13)-C(14)-C(17) 120.5(13) 
C(15)-C(14)-C(17) 121.1(11) 
C(34)-C(35)-C(37) 118.8(14) 
C(34)-C(35)-C(36) 120.2(12) 
C(37)-C(35)-C(36) 120.8(14) 
C(23)-C(24)-C(25) 118.2(10) 
C(23)-C(24)-C(28) 119.0(12) 
C(25)-C(24)-C(28) 122.8(12) 
N(11)-C(12)-C(13) 123.5(11) 
C(5)-C(6)-N(1) 128.8(14) 
N(21)-C(26)-C(25) 128.2(10) 
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C(6)-C(5)-C(4) 112.4(13) 
C(6)-C(5)-C(7) 120.5(14) 
C(4)-C(5)-C(7) 127.0(11) 
N(31)-C(36)-C(35) 122.8(11) 
N(21)-C(22)-C(23) 116.1(10) 
C(14)-C(13)-C(12) 118.2(11) 
C(14)-C(13)-C(18) 125.4(12) 
C(12)-C(13)-C(18) 116.4(12) 
C(15)-C(16)-N(11) 130.6(12) 
C(16)-C(15)-C(14) 115.0(12) 
C(26)-C(25)-C(27) 124.5(12) 
C(26)-C(25)-C(24) 115.1(12) 
C(27)-C(25)-C(24) 120.1(12) 
C(24)-C(23)-C(22) 124.9(9) 
C(3)-C(2)-N(1) 125.7(11) 
C(35)-C(34)-C(33) 116.9(13) 
C(35)-C(34)-C(38) 127.7(13) 
C(33)-C(34)-C(38) 115.1(15) 
C(3)-C(4)-C(5) 120.4(12) 
C(3)-C(4)-C(8) 125.3(13) 
C(5)-C(4)-C(8) 113.8(13) 
N(31)-C(32)-C(33) 116.9(14) 
C(34)-C(33)-C(32) 120.1(15) 
C(4)-C(3)-C(2) 121.2(11) 
C(41)-O(1)-Ag(1) 117.3(10) 
C(51)-O(3)-Ag(2) 120.6(10) 
O(3)-C(51)-O(4) 119.6(13) 
O(3)-C(51)-C(52) 118.1(13) 
O(4)-C(51)-C(52) 115.8(12) 
F(5)-C(52)-F(6) 99.1(18) 
F(5)-C(52)-F(4) 121.6(13) 
F(6)-C(52)-F(4) 101.1(11) 
F(5)-C(52)-C(51) 113.3(12) 
F(6)-C(52)-C(51) 109.3(11) 
F(4)-C(52)-C(51) 110.2(15) 
O(1)-C(41)-O(2) 130.9(12) 
O(1)-C(41)-C(42) 114.3(14) 
O(2)-C(41)-C(42) 107.5(14) 
F(3)-C(42)-F(2) 103.3(15) 
F(3)-C(42)-F(1) 89.1(16) 
F(2)-C(42)-F(1) 111.1(14) 
F(3)-C(42)-C(41) 122.9(13) 
F(2)-C(42)-C(41) 116.1(13) 
F(1)-C(42)-C(41) 111.2(14) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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Table A.32.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 8 Ag-
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
.  The anisotropic displacement factor exponent takes the 
form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 100(1)  80(1) 75(1)  -35(1) -14(1)  -15(1) 
Ag(2) 99(1)  82(1) 77(1)  -39(1) -15(1)  -15(1) 
N(31) 78(6)  90(6) 71(5)  -57(5) 0(4)  -28(5) 
N(1) 78(6)  54(5) 59(5)  10(3) -20(4)  -16(4) 
N(11) 59(4)  56(4) 32(3)  -8(3) -19(3)  12(3) 
N(21) 86(7)  94(7) 134(9)  -57(7) -15(6)  -44(6) 
C(14) 79(8)  37(5) 93(9)  -12(5) -16(6)  -10(5) 
C(35) 94(8)  87(9) 47(5)  -3(5) -9(5)  -39(7) 
C(24) 81(7)  101(9) 54(6)  -35(6) 0(5)  -47(6) 
C(12) 71(6)  60(6) 90(8)  -23(6) 15(5)  -21(5) 
C(6) 112(10)  124(12) 63(8)  -5(8) -20(7)  -67(9) 
C(26) 51(4)  75(6) 50(4)  -13(4) -25(4)  -10(4) 
C(5) 70(6)  58(6) 87(8)  -36(6) 8(6)  -20(5) 
C(36) 60(5)  51(5) 61(6)  -26(5) -10(4)  -14(4) 
C(22) 56(5)  82(7) 72(6)  -41(5) -24(4)  -1(4) 
C(13) 87(7)  56(5) 52(5)  2(4) -38(5)  -27(5) 
C(16) 124(10)  69(7) 87(8)  6(6) -61(7)  -41(7) 
C(15) 95(7)  83(7) 63(6)  -25(5) -22(5)  -37(5) 
C(25) 67(6)  96(9) 64(6)  -26(6) 13(5)  -36(6) 
C(23) 55(5)  61(6) 128(11)  -31(6) -18(6)  27(5) 
C(2) 103(8)  44(5) 57(6)  -6(4) -29(6)  -15(5) 
C(34) 73(6)  39(4) 75(7)  -5(4) -2(5)  -13(4) 
C(4) 103(9)  91(9) 52(5)  -34(6) 5(6)  -37(7) 
C(32) 75(7)  147(12) 78(9)  -53(8) -6(6)  -34(7) 
C(33) 172(14)  104(10) 68(7)  -42(7) 6(8)  -73(10) 
C(3) 72(5)  87(7) 56(5)  -17(5) -21(5)  -26(5) 
O(1) 170(10)  114(8) 100(7)  -22(6) -92(7)  -6(7) 
O(3) 113(7)  94(7) 86(6)  -8(5) -13(5)  -19(5) 
C(37) 150(12)  58(7) 203(17)  -28(8) -79(12)  3(7) 
C(7) 63(6)  104(10) 93(7)  -18(6) -2(5)  -18(6) 
C(18) 115(10)  193(16) 87(9)  -40(10) -65(8)  -45(10) 
C(51) 52(4)  77(7) 121(9)  -35(6) -39(5)  17(4) 
C(52) 153(12)  97(9) 65(6)  -38(6) -59(7)  42(8) 
O(2) 175(10)  169(11) 172(12)  26(8) -70(9)  -83(9) 
C(28) 163(13)  79(8) 70(8)  -34(7) 1(8)  -31(8) 
C(27) 114(9)  111(9) 81(8)  -28(7) -10(7)  -26(7) 
C(17) 103(9)  90(9) 127(12)  -68(9) -15(8)  -15(7) 
F(6) 244(11)  64(4) 213(12)  -51(6) -89(9)  12(6) 
F(5) 149(9)  189(11) 176(12)  54(9) 33(8)  -30(8) 
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F(4) 150(6)  171(8) 170(7)  -43(6) -112(5)  4(5) 
C(8) 127(10)  142(13) 85(8)  -73(9) 35(7)  -53(9) 
C(38) 187(15)  65(7) 99(9)  -40(6) -15(10)  -17(8) 
O(4) 180(10)  161(9) 132(6)  -52(7) -29(6)  -86(8) 
F(1) 228(13)  136(7) 73(4)  -13(4) 22(6)  -2(7) 
F(2) 319(16)  134(8) 136(8)  8(6) -104(10)  -119(9) 
F(3) 313(17)  186(10) 245(12)  98(9) -213(13)  -113(11) 
C(41) 160(12)  112(9) 40(5)  -27(5) 2(5)  -75(8) 
C(42) 119(9)  74(8) 124(12)  0(8) -70(9)  -41(7) 
O(99) 310(30)  690(60) 640(50)  -520(50) -200(40)  100(30) 
C(99) 89(5)  85(5) 107(6)  -21(5) -34(4)  -30(4) 
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Figure A.9. Ellipsoid plot for compound 9 Ag
2
(CF
2
CO
2
)
2
(2,4-lutidine)
3
. 
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Table A.33.  Crystal data and structure refinement for compound 9 Ag
-
2
(CF
2
CO
2
)
2
(2,4-lutidine)
3
. 
 
Empirical formula  C9 H9 Ag F3 N O2 
Formula weight  328.04 
Temperature  298(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a = 10.354(2) Å    α= 99.016(4)°. 
 b = 11.299(2) Å    β= 101.025(4)°. 
 c = 13.023(3) Å    γ = 90.302(4)°. 
Volume 1476.0(5) Å
3
 
Z 4 
Density (calculated) 1.476 Mg/m
3
 
Absorption coefficient 1.384 mm
-1
 
F(000) 640 
Crystal size 0.25 x 0.1 x 0.05 mm
3
 
Theta range for data collection 1.83 to 30.37°. 
Index ranges -14<=h<=14, -15<=k<=15, -18<=l<=18 
Reflections collected 21248 
Independent reflections 8270 [R(int) = 0.0289] 
Completeness to theta = 28.00° 99.6 %  
Absorption correction Empirical 
Max. and min. transmission 0.789 and 0.492 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 8270 / 0 / 361 
Goodness-of-fit on F
2
 0.997 
Final R indices [I>2sigma(I)] R1 = 0.0504, wR2 = 0.1125 
R indices (all data) R1 = 0.1125, wR2 = 0.1325 
Largest diff. peak and hole 0.626 and -0.386 e.Å
-3
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Table A.34.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 9 Ag
2
(CF
2
CO
2
)
2
(2,4-lutidine)
3
. 
U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 5627(1) 5208(1) 1484(1) 71(1) 
Ag(2) 8555(1) 5765(1) 3038(1) 88(1) 
C(26) 9818(4) 3488(4) 3932(3) 68(1) 
N(1) 6345(3) 3451(3) 1715(2) 57(1) 
N(11) 4574(3) 6840(3) 1319(3) 66(1) 
N(21) 8834(4) 4262(3) 3947(2) 66(1) 
C(2) 5899(4) 2797(3) 2367(3) 58(1) 
C(23) 8023(5) 3246(4) 5184(4) 82(1) 
C(6) 7345(4) 3027(4) 1264(3) 63(1) 
C(4) 7509(4) 1294(3) 2106(3) 67(1) 
C(3) 6477(4) 1729(4) 2559(3) 68(1) 
C(12) 3406(4) 7010(4) 1621(3) 68(1) 
C(5) 7923(4) 1980(4) 1430(3) 68(1) 
C(22) 7956(5) 4126(4) 4560(3) 77(1) 
C(25) 9919(5) 2579(4) 4550(4) 80(1) 
C(24) 9025(6) 2450(4) 5183(4) 84(1) 
C(16) 5157(5) 7775(4) 1046(4) 82(1) 
C(15) 4626(6) 8881(5) 1060(5) 99(2) 
C(7) 4782(5) 3284(4) 2870(4) 86(1) 
C(17) 2779(5) 5964(5) 1929(4) 90(1) 
C(13) 2832(6) 8111(5) 1636(4) 91(2) 
C(14) 3439(7) 9066(5) 1354(5) 99(2) 
O(2) 9385(4) 6570(4) 1790(3) 101(1) 
O(1) 7572(4) 5833(3) 651(3) 101(1) 
C(41) 8609(5) 6405(4) 928(4) 68(1) 
O(3) 7412(4) 7506(4) 3508(3) 114(1) 
C(32) 6457(6) 7283(5) 3875(4) 83(1) 
O(4) 5894(5) 6343(4) 3853(4) 135(2) 
C(27) 10777(5) 3621(5) 3235(4) 99(2) 
C(33) 5882(6) 8400(5) 4411(4) 87(1) 
C(8) 8175(6) 153(4) 2343(5) 100(2) 
F(2) 9596(4) 8091(3) 418(3) 124(1) 
F(3) 8157(4) 7089(3) -742(3) 131(1) 
F(1) 9993(4) 6360(4) -304(3) 144(2) 
C(42) 9082(5) 6984(4) 75(4) 72(1) 
C(28) 9124(7) 1440(5) 5858(5) 126(2) 
C(18) 2805(9) 10284(6) 1377(7) 173(4) 
F(4) 5874(6) 9317(4) 3973(4) 196(3) 
F(5) 6497(5) 8734(4) 5380(4) 183(2) 
F(6) 4705(5) 8266(4) 4535(6) 205(3) 
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 Table A.35.   Bond lengths [Å] and angles [°] for  compound 9 Ag
2
(CF
2
CO
2
)
2
(2,4-
lutidine)
3
. 
_____________________________________________________  
Ag(1)-N(11)  2.165(3) 
Ag(1)-N(1)  2.168(3) 
Ag(1)-Ag(2)  3.3045(7) 
Ag(2)-N(21)  2.208(3) 
Ag(2)-O(2)  2.279(3) 
Ag(2)-O(3)  2.359(4) 
C(26)-N(21)  1.348(6) 
C(26)-C(25)  1.394(6) 
C(26)-C(27)  1.489(7) 
N(1)-C(6)  1.340(5) 
N(1)-C(2)  1.351(5) 
N(11)-C(16)  1.341(5) 
N(11)-C(12)  1.347(5) 
N(21)-C(22)  1.342(6) 
C(2)-C(3)  1.386(5) 
C(2)-C(7)  1.500(6) 
C(23)-C(22)  1.373(6) 
C(23)-C(24)  1.377(7) 
C(6)-C(5)  1.357(6) 
C(4)-C(3)  1.374(6) 
C(4)-C(5)  1.383(6) 
C(4)-C(8)  1.512(6) 
C(12)-C(13)  1.381(6) 
C(12)-C(17)  1.490(6) 
C(25)-C(24)  1.373(7) 
C(24)-C(28)  1.538(7) 
C(16)-C(15)  1.367(7) 
C(15)-C(14)  1.363(8) 
C(13)-C(14)  1.378(8) 
C(14)-C(18)  1.526(7) 
O(2)-C(41)  1.236(6) 
O(1)-C(41)  1.213(5) 
C(41)-C(42)  1.528(6) 
O(3)-C(32)  1.219(6) 
C(32)-O(4)  1.203(6) 
C(32)-C(33)  1.525(7) 
C(33)-F(4)  1.258(6) 
C(33)-F(6)  1.271(6) 
C(33)-F(5)  1.297(6) 
F(2)-C(42)  1.332(5) 
F(3)-C(42)  1.309(5) 
F(1)-C(42)  1.307(5) 
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N(11)-Ag(1)-N(1) 169.35(12) 
N(11)-Ag(1)-Ag(2) 111.49(9) 
N(1)-Ag(1)-Ag(2) 75.60(8) 
N(21)-Ag(2)-O(2) 141.17(14) 
N(21)-Ag(2)-O(3) 124.32(14) 
O(2)-Ag(2)-O(3) 93.02(15) 
N(21)-Ag(2)-Ag(1) 104.70(9) 
O(2)-Ag(2)-Ag(1) 92.68(10) 
O(3)-Ag(2)-Ag(1) 77.27(12) 
N(21)-C(26)-C(25) 120.2(4) 
N(21)-C(26)-C(27) 118.6(4) 
C(25)-C(26)-C(27) 121.2(5) 
C(6)-N(1)-C(2) 117.8(3) 
C(6)-N(1)-Ag(1) 119.3(3) 
C(2)-N(1)-Ag(1) 122.7(3) 
C(16)-N(11)-C(12) 117.7(4) 
C(16)-N(11)-Ag(1) 120.1(3) 
C(12)-N(11)-Ag(1) 121.6(3) 
C(26)-N(21)-C(22) 118.4(4) 
C(26)-N(21)-Ag(2) 124.7(3) 
C(22)-N(21)-Ag(2) 116.9(3) 
N(1)-C(2)-C(3) 120.2(4) 
N(1)-C(2)-C(7) 117.3(3) 
C(3)-C(2)-C(7) 122.5(4) 
C(22)-C(23)-C(24) 119.2(5) 
N(1)-C(6)-C(5) 123.3(4) 
C(3)-C(4)-C(5) 115.7(4) 
C(3)-C(4)-C(8) 122.5(4) 
C(5)-C(4)-C(8) 121.7(4) 
C(4)-C(3)-C(2) 122.3(4) 
N(11)-C(12)-C(13) 120.6(5) 
N(11)-C(12)-C(17) 117.0(4) 
C(13)-C(12)-C(17) 122.4(5) 
C(6)-C(5)-C(4) 120.6(4) 
N(21)-C(22)-C(23) 123.2(5) 
C(24)-C(25)-C(26) 121.1(5) 
C(25)-C(24)-C(23) 117.8(4) 
C(25)-C(24)-C(28) 121.3(5) 
C(23)-C(24)-C(28) 120.9(5) 
N(11)-C(16)-C(15) 123.4(5) 
C(16)-C(15)-C(14) 119.7(5) 
C(14)-C(13)-C(12) 121.2(5) 
C(15)-C(14)-C(13) 117.4(5) 
C(15)-C(14)-C(18) 121.5(7) 
C(13)-C(14)-C(18) 121.0(7) 
C(41)-O(2)-Ag(2) 111.2(3) 
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O(1)-C(41)-O(2) 130.5(4) 
O(1)-C(41)-C(42) 116.0(5) 
O(2)-C(41)-C(42) 113.5(4) 
C(32)-O(3)-Ag(2) 112.0(4) 
O(4)-C(32)-O(3) 130.4(6) 
O(4)-C(32)-C(33) 116.4(5) 
O(3)-C(32)-C(33) 113.2(5) 
F(4)-C(33)-F(6) 104.7(6) 
F(4)-C(33)-F(5) 105.5(5) 
F(6)-C(33)-F(5) 101.6(6) 
F(4)-C(33)-C(32) 116.4(5) 
F(6)-C(33)-C(32) 115.1(5) 
F(5)-C(33)-C(32) 112.1(5) 
F(1)-C(42)-F(3) 106.0(4) 
F(1)-C(42)-F(2) 106.3(4) 
F(3)-C(42)-F(2) 104.7(4) 
F(1)-C(42)-C(41) 111.2(4) 
F(3)-C(42)-C(41) 114.2(4) 
F(2)-C(42)-C(41) 113.8(4) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
  
191 
 Table A.36.  Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 9            
Ag
2
(CF
2
CO
2
)
2
(2,4-lutidine)
3
.  The anisotropic displacement factor exponent takes 
the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 69(1)  61(1) 91(1)  25(1) 23(1)  9(1) 
Ag(2) 112(1)  86(1) 71(1)  29(1) 14(1)  0(1) 
C(26) 74(3)  70(3) 53(2)  -1(2) 8(2)  -5(2) 
N(1) 60(2)  55(2) 58(2)  12(1) 14(2)  1(1) 
N(11) 61(2)  64(2) 73(2)  20(2) 9(2)  0(2) 
N(21) 79(2)  68(2) 47(2)  7(2) 8(2)  -4(2) 
C(2) 58(2)  52(2) 65(2)  14(2) 12(2)  -4(2) 
C(23) 105(4)  86(3) 61(3)  17(2) 25(3)  -5(3) 
C(6) 71(3)  65(2) 57(2)  15(2) 16(2)  -1(2) 
C(4) 75(3)  52(2) 68(3)  6(2) 5(2)  2(2) 
C(3) 79(3)  60(2) 72(3)  24(2) 19(2)  -6(2) 
C(12) 64(3)  72(3) 64(2)  5(2) 8(2)  10(2) 
C(5) 68(3)  67(3) 70(3)  8(2) 18(2)  6(2) 
C(22) 86(3)  77(3) 63(3)  6(2) 9(2)  9(2) 
C(25) 84(3)  74(3) 72(3)  7(2) -2(3)  2(2) 
C(24) 117(4)  70(3) 58(3)  13(2) -3(3)  -9(3) 
C(16) 76(3)  73(3) 99(3)  34(3) 9(3)  -8(2) 
C(15) 100(4)  69(3) 117(4)  30(3) -15(3)  -10(3) 
C(7) 85(3)  80(3) 110(4)  30(3) 47(3)  7(2) 
C(17) 70(3)  100(4) 109(4)  26(3) 34(3)  7(3) 
C(13) 90(3)  92(4) 79(3)  -6(3) 0(3)  30(3) 
C(14) 107(4)  63(3) 109(4)  5(3) -16(3)  23(3) 
O(2) 96(3)  140(3) 78(2)  38(2) 27(2)  17(2) 
O(1) 93(3)  106(3) 121(3)  29(2) 50(2)  -15(2) 
C(41) 69(3)  67(2) 83(3)  23(2) 41(3)  18(2) 
O(3) 108(3)  123(3) 127(3)  38(3) 48(3)  35(2) 
C(32) 89(4)  83(3) 74(3)  22(3) 4(3)  8(3) 
O(4) 154(4)  70(2) 180(4)  22(3) 25(3)  -9(3) 
C(27) 95(4)  113(4) 91(4)  12(3) 27(3)  -4(3) 
C(33) 95(4)  80(3) 89(4)  15(3) 27(3)  -4(3) 
C(8) 112(4)  70(3) 120(4)  27(3) 19(3)  21(3) 
F(2) 158(3)  93(2) 128(3)  29(2) 38(2)  -33(2) 
F(3) 130(3)  150(3) 116(2)  76(2) -12(2)  -21(2) 
F(1) 165(3)  152(3) 165(3)  69(3) 123(3)  61(3) 
C(42) 75(3)  70(3) 80(3)  26(2) 25(2)  3(2) 
C(28) 185(7)  97(4) 101(4)  47(3) 10(4)  -2(4) 
C(18) 195(8)  75(4) 215(8)  4(4) -32(7)  51(5) 
F(4) 337(7)  107(3) 209(5)  77(3) 169(5)  87(4) 
F(5) 226(5)  172(4) 116(3)  -40(3) -1(3)  47(4) 
F(6) 135(4)  155(4) 341(8)  -12(4) 126(5)  9(3)
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Figure A.10. Ellipsoid plot for compound 10 [Ag
2
(5-pyrimidyl-
pentyne)
2
(CF
3
CO
2
)
2
]
∞
. 
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Table A.37.  Crystal data and structure refinement for compound 10 [Ag
2
(5-
pyrimidyl-pentyne)
2
(CF
3
CO
2
)
2
]
∞
. 
 
Empirical formula  C11 H10 Ag F3 N2 O2 
Formula weight  367.08 
Temperature  173(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 8.9123(18) Å   α= 79.642(4)°. 
 b = 11.399(2) Å     β= 87.029(4)°. 
 c = 13.325(3) Å     γ = 73.581(4)°. 
Volume 1277.3(4) Å
3
 
Z 4 
Density (calculated) 1.909 Mg/m
3
 
Absorption coefficient 1.613 mm
-1
 
F(000) 720 
Crystal size 0.15 x 0.10 x 0.02 mm
3
 
Theta range for data collection 1.55 to 29.63°. 
Index ranges -11<=h<=11, -15<=k<=15, -17<=l<=18 
Reflections collected 12814 
Independent reflections 5741 [R(int) = 0.0341] 
Completeness to theta = 28.00° 86.8 %  
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 5741 / 0 / 343 
Goodness-of-fit on F
2
 1.223 
Final R indices [I>2sigma(I)] R1 = 0.0657, wR2 = 0.2021 
R indices (all data) R1 = 0.1003, wR2 = 0.3043 
Largest diff. peak and hole 1.477 and -2.769 e.Å
-3
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Table A.38.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 10 [Ag
2
(5-pyrimidyl-pentyne)
2
(CF
3
CO
2
)
2
]
∞
.  
U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 13190(1) 327(1) 4846(1) 44(1) 
Ag(2) 11193(1) 5564(1) 5515(1) 48(1) 
C(6) 13971(10) 4506(8) 3952(6) 41(2) 
F(3) 9897(9) 3304(7) 8749(5) 79(2) 
N(3) 13483(8) 2234(6) 4249(5) 39(1) 
F(2) 7655(7) 3670(8) 8120(6) 82(2) 
N(21) 10797(8) 7465(6) 6009(5) 40(1) 
C(26) 10024(9) 7747(8) 6855(6) 38(2) 
F(1) 9464(11) 1984(6) 8002(6) 94(3) 
O(1) 9857(8) 4883(7) 6946(6) 59(2) 
C(4) 14468(10) 2551(8) 3491(6) 43(2) 
N(1) 12997(8) 4215(6) 4689(6) 44(2) 
C(25) 9937(9) 8869(8) 7173(6) 37(2) 
C(27) 9080(10) 9162(8) 8094(6) 44(2) 
C(28) 8416(10) 9385(8) 8842(7) 45(2) 
C(5) 14749(9) 3690(8) 3319(6) 41(2) 
C(2) 12812(9) 3094(7) 4791(6) 40(2) 
C(81) 9656(10) 3860(9) 6941(6) 45(2) 
C(30) 7602(11) 10895(10) 10043(7) 52(2) 
C(9) 17574(13) 4733(12) 1030(9) 68(3) 
C(29) 7588(11) 9668(9) 9795(7) 50(2) 
C(7) 15767(9) 4010(7) 2512(6) 40(2) 
C(31) 6704(13) 11186(11) 11027(8) 62(3) 
C(8) 16589(11) 4323(10) 1851(8) 55(2) 
C(82) 9170(11) 3183(9) 7951(8) 52(2) 
C(10) 16676(14) 5850(13) 260(9) 71(3) 
C(11) 17639(15) 6279(13) -587(10) 74(3) 
N(23) 11505(8) 9329(6) 5733(5) 38(1) 
C(22) 11479(9) 8255(7) 5487(5) 37(2) 
C(24) 10704(9) 9640(8) 6583(6) 40(2) 
O(2) 9791(8) 3287(7) 6205(5) 57(2) 
O(3) 13968(9) -1323(9) 3911(6) 69(2) 
C(91) 15072(10) -1185(8) 3399(6) 41(2) 
F(4) 15218(16) -1495(11) 1695(6) 154(5) 
C(92) 15629(11) -2016(9) 2581(7) 48(2) 
O(4) 15884(10) -430(7) 3419(5) 63(2) 
F(6) 17056(12) -2386(19) 2497(12) 230(11) 
F(5) 15190(30) -2914(16) 2738(13) 294(15) 
____________________________________________________________________
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 Table A.39.   Bond lengths [Å] and angles [°] for compound 10 [Ag
2
(5-pyrimidyl-
pentyne)
2
(CF
3
CO
2
)
2
]
∞
. 
_____________________________________________________  
Ag(1)-N(3)  2.259(7) 
Ag(1)-N(23)#1  2.290(6) 
Ag(1)-O(3)  2.363(8) 
Ag(1)-O(4)#2  2.528(7) 
Ag(1)-Ag(1)#2  3.1311(14) 
Ag(2)-N(1)  2.278(7) 
Ag(2)-N(21)  2.305(6) 
Ag(2)-O(1)  2.326(7) 
Ag(2)-O(2)#3  2.494(6) 
Ag(2)-Ag(2)#3  3.2471(15) 
C(6)-N(1)  1.335(11) 
C(6)-C(5)  1.384(12) 
F(3)-C(82)  1.320(12) 
N(3)-C(2)  1.312(10) 
N(3)-C(4)  1.369(11) 
F(2)-C(82)  1.331(11) 
N(21)-C(22)  1.306(10) 
N(21)-C(26)  1.331(10) 
C(26)-C(25)  1.398(11) 
F(1)-C(82)  1.306(11) 
O(1)-C(81)  1.230(11) 
C(4)-C(5)  1.368(12) 
N(1)-C(2)  1.316(11) 
C(25)-C(24)  1.376(11) 
C(25)-C(27)  1.452(11) 
C(27)-C(28)  1.163(12) 
C(28)-C(29)  1.476(12) 
C(5)-C(7)  1.435(11) 
C(81)-O(2)  1.255(11) 
C(81)-C(82)  1.534(13) 
C(30)-C(29)  1.498(13) 
C(30)-C(31)  1.539(12) 
C(9)-C(8)  1.461(14) 
C(9)-C(10)  1.534(17) 
C(7)-C(8)  1.187(12) 
C(10)-C(11)  1.478(16) 
N(23)-C(22)  1.330(10) 
N(23)-C(24)  1.355(10) 
N(23)-Ag(1)#4  2.290(6) 
O(2)-Ag(2)#3  2.494(6) 
O(3)-C(91)  1.198(11) 
C(91)-O(4)  1.276(11) 
C(91)-C(92)  1.543(11) 
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F(4)-C(92)  1.245(13) 
C(92)-F(5)  1.178(14) 
C(92)-F(6)  1.228(14) 
O(4)-Ag(1)#2  2.528(7) 
 
N(3)-Ag(1)-N(23)#1 142.6(2) 
N(3)-Ag(1)-O(3) 122.8(3) 
N(23)#1-Ag(1)-O(3) 87.9(3) 
N(3)-Ag(1)-O(4)#2 89.7(2) 
N(23)#1-Ag(1)-O(4)#2 85.4(2) 
O(3)-Ag(1)-O(4)#2 128.5(3) 
N(3)-Ag(1)-Ag(1)#2 82.18(17) 
N(23)#1-Ag(1)-Ag(1)#2 126.92(18) 
O(3)-Ag(1)-Ag(1)#2 81.4(2) 
O(4)#2-Ag(1)-Ag(1)#2 63.25(19) 
N(1)-Ag(2)-N(21) 140.0(3) 
N(1)-Ag(2)-O(1) 121.9(3) 
N(21)-Ag(2)-O(1) 90.9(2) 
N(1)-Ag(2)-O(2)#3 86.9(2) 
N(21)-Ag(2)-O(2)#3 87.6(3) 
O(1)-Ag(2)-O(2)#3 130.5(2) 
N(1)-Ag(2)-Ag(2)#3 81.8(2) 
N(21)-Ag(2)-Ag(2)#3 130.36(17) 
O(1)-Ag(2)-Ag(2)#3 79.00(18) 
O(2)#3-Ag(2)-Ag(2)#3 65.31(18) 
N(1)-C(6)-C(5) 122.7(8) 
C(2)-N(3)-C(4) 115.9(7) 
C(2)-N(3)-Ag(1) 115.6(5) 
C(4)-N(3)-Ag(1) 127.6(5) 
C(22)-N(21)-C(26) 118.6(7) 
C(22)-N(21)-Ag(2) 118.3(5) 
C(26)-N(21)-Ag(2) 122.8(5) 
N(21)-C(26)-C(25) 120.7(7) 
C(81)-O(1)-Ag(2) 113.1(6) 
C(5)-C(4)-N(3) 122.1(7) 
C(2)-N(1)-C(6) 116.4(7) 
C(2)-N(1)-Ag(2) 115.2(5) 
C(6)-N(1)-Ag(2) 126.6(6) 
C(24)-C(25)-C(26) 116.9(7) 
C(24)-C(25)-C(27) 123.3(7) 
C(26)-C(25)-C(27) 119.8(7) 
C(28)-C(27)-C(25) 178.8(10) 
C(27)-C(28)-C(29) 179.5(10) 
C(4)-C(5)-C(6) 116.0(8) 
C(4)-C(5)-C(7) 121.2(7) 
C(6)-C(5)-C(7) 122.8(8) 
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N(3)-C(2)-N(1) 127.0(7) 
O(1)-C(81)-O(2) 128.2(8) 
O(1)-C(81)-C(82) 117.0(8) 
O(2)-C(81)-C(82) 114.8(8) 
C(29)-C(30)-C(31) 113.2(8) 
C(8)-C(9)-C(10) 113.3(9) 
C(28)-C(29)-C(30) 113.9(8) 
C(8)-C(7)-C(5) 177.4(9) 
C(7)-C(8)-C(9) 178.8(11) 
F(1)-C(82)-F(3) 104.4(9) 
F(1)-C(82)-F(2) 109.7(9) 
F(3)-C(82)-F(2) 105.3(8) 
F(1)-C(82)-C(81) 114.1(8) 
F(3)-C(82)-C(81) 113.1(8) 
F(2)-C(82)-C(81) 109.8(8) 
C(11)-C(10)-C(9) 114.6(10) 
C(22)-N(23)-C(24) 116.5(7) 
C(22)-N(23)-Ag(1)#4 117.3(5) 
C(24)-N(23)-Ag(1)#4 125.4(5) 
N(21)-C(22)-N(23) 125.7(7) 
N(23)-C(24)-C(25) 121.6(7) 
C(81)-O(2)-Ag(2)#3 119.9(6) 
C(91)-O(3)-Ag(1) 107.5(7) 
O(3)-C(91)-O(4) 129.4(8) 
O(3)-C(91)-C(92) 117.5(8) 
O(4)-C(91)-C(92) 113.1(8) 
F(5)-C(92)-F(6) 105.7(17) 
F(5)-C(92)-F(4) 106.2(15) 
F(6)-C(92)-F(4) 102.3(13) 
F(5)-C(92)-C(91) 112.7(9) 
F(6)-C(92)-C(91) 114.3(9) 
F(4)-C(92)-C(91) 114.6(8) 
C(91)-O(4)-Ag(1)#2 116.3(6) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 x,y-1,z    #2 -x+3,-y,-z+1    #3 -x+2,-y+1,-z+1       
#4 x,y+1,z       
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 Table A.40   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 10 
[Ag
2
(5-pyrimidyl-pentyne)
2
(CF
3
CO
2
)
2
]
∞
.  The anisotropic displacement factor 
exponent takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 53(1)  37(1) 50(1)  -14(1) 14(1)  -22(1) 
Ag(2) 71(1)  33(1) 44(1)  -14(1) 17(1)  -19(1) 
C(6) 49(4)  34(4) 40(4)  4(3) 7(3)  -20(3) 
F(3) 109(5)  86(5) 42(3)  0(3) 1(3)  -36(4) 
N(3) 47(3)  32(3) 37(3)  -7(3) 6(3)  -10(3) 
F(2) 66(4)  95(6) 79(4)  -1(4) 30(3)  -28(4) 
N(21) 48(3)  34(3) 43(3)  -18(3) 10(3)  -14(3) 
C(26) 47(4)  40(4) 34(3)  -6(3) 7(3)  -23(3) 
F(1) 167(8)  48(4) 73(4)  -17(3) 50(5)  -44(4) 
O(1) 74(4)  48(4) 62(4)  -8(3) 14(3)  -32(3) 
C(4) 49(4)  34(4) 42(4)  -13(3) 8(3)  -4(3) 
N(1) 52(4)  29(3) 45(4)  -10(3) 8(3)  -3(3) 
C(25) 43(3)  37(4) 33(3)  -9(3) 5(3)  -12(3) 
C(27) 51(4)  40(4) 47(4)  -25(4) 7(3)  -15(3) 
C(28) 54(4)  42(4) 44(4)  -14(3) 9(3)  -17(4) 
C(5) 40(3)  38(4) 41(4)  -7(3) 0(3)  -5(3) 
C(2) 40(3)  33(4) 45(4)  -13(3) 15(3)  -6(3) 
C(81) 49(4)  51(5) 32(3)  -4(3) 16(3)  -15(4) 
C(30) 60(5)  65(6) 40(4)  -21(4) 16(4)  -28(5) 
C(9) 64(6)  66(7) 71(7)  -6(6) 23(5)  -22(5) 
C(29) 56(5)  52(5) 48(4)  -20(4) 12(4)  -19(4) 
C(7) 49(4)  34(4) 43(4)  -6(3) 13(3)  -22(3) 
C(31) 76(6)  58(6) 54(5)  -27(5) 17(5)  -16(5) 
C(8) 53(5)  50(5) 56(5)  -18(4) 13(4)  -5(4) 
C(82) 62(5)  42(4) 55(5)  -17(4) 15(4)  -16(4) 
C(10) 72(6)  83(8) 57(6)  -1(6) 19(5)  -29(6) 
C(11) 87(7)  72(8) 68(7)  -21(6) 14(6)  -28(6) 
N(23) 49(3)  33(3) 32(3)  -8(2) 15(3)  -16(3) 
C(22) 45(4)  36(4) 31(3)  -12(3) 10(3)  -13(3) 
C(24) 47(4)  41(4) 40(4)  -18(3) 6(3)  -19(3) 
O(2) 68(4)  64(4) 37(3)  -5(3) 5(3)  -17(3) 
O(3) 67(4)  84(6) 62(4)  -28(4) 27(4)  -27(4) 
C(91) 53(4)  34(4) 41(4)  -13(3) -2(3)  -15(3) 
F(4) 243(13)  124(8) 61(5)  -51(5) -39(6)  34(8) 
C(92) 63(5)  41(4) 47(4)  -20(4) 8(4)  -21(4) 
O(4) 102(5)  54(4) 46(3)  -13(3) 4(4)  -39(4) 
F(6) 91(6)  360(30) 212(15)  -218(18) -34(8)  82(11) 
F(5) 590(40)  212(15) 233(16)  -196(15) 290(20)  -310(20) 
____________________________________________________________________
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Figure A.11. Ellipsoid plot for compound 11 [Ag
2
(5-pyrimidyl-
hexyne)
2
(CF
3
CO
2
)
2
]
∞.
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Table A.41.  Crystal data and structure refinement for compound 11 [Ag
2
(5-
pyrimidyl-hexyne)
2
(CF
3
CO
2
)
2
]
∞
. 
 
Empirical formula  C12 H12 Ag F3 N2 O2 
Formula weight  381.11 
Temperature  298(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a = 9.3017(14) Å       α= 76.770(3)°. 
 b = 11.4863(18) Å     β= 86.951(3)°. 
 c = 14.300(2) Å         γ = 73.514(3)°. 
Volume 1426.0(4) Å
3
 
Z 4 
Density (calculated) 1.775 Mg/m
3
 
Absorption coefficient 1.449 mm
-1
 
F(000) 752 
Crystal size 0.14 x 0.11 x 0.02 mm
3
 
Theta range for data collection 1.46 to 30.40°. 
Index ranges -13<=h<=13, -15<=k<=15, -19<=l<=20 
Reflections collected 21125 
Independent reflections 8219 [R(int) = 0.0423] 
Completeness to theta = 28.00° 99.7 %  
Absorption correction Empirical 
Max. and min. transmission 0.907 and 0.762 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 8219 / 0 / 361 
Goodness-of-fit on F
2
 1.028 
Final R indices [I>2sigma(I)] R1 = 0.0526, wR2 = 0.1119 
R indices (all data) R1 = 0.1068, wR2 = 0.1325 
Largest diff. peak and hole 0.693 and -0.722 e.Å
-3
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Table A.42.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 11 [Ag
2
(5-pyrimidyl-hexyne)
2
(CF
3
CO
2
)
2
]
∞
.   
U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 18856(1) 9395(1) -5485(1) 46(1) 
Ag(2) 16760(1) 4649(1) -4872(1) 47(1) 
N(1) 18461(4) 5653(3) -5697(3) 41(1) 
N(3) 19267(4) 7482(3) -5870(3) 38(1) 
C(2) 18539(5) 6669(4) -5414(3) 37(1) 
C(4) 20033(5) 7220(4) -6669(3) 39(1) 
C(5) 20045(5) 6181(4) -7016(3) 38(1) 
C(8) 21460(6) 5821(4) -8624(4) 47(1) 
C(7) 20830(6) 5956(4) -7890(3) 46(1) 
C(9) 22187(6) 5614(5) -9533(4) 52(1) 
C(6) 19209(5) 5408(4) -6491(3) 42(1) 
C(10) 22216(6) 4340(5) -9728(3) 47(1) 
C(11) 22851(7) 4137(6) -10685(4) 67(2) 
N(21) 17051(4) 10715(3) -4771(3) 38(1) 
C(26) 16033(5) 10396(4) -4123(3) 38(1) 
C(25) 15218(5) 11198(4) -3557(3) 37(1) 
C(22) 17221(5) 11856(4) -4860(3) 41(1) 
C(27) 14137(5) 10839(4) -2870(3) 39(1) 
C(28) 13277(5) 10521(4) -2276(3) 44(1) 
N(23) 16494(4) 12688(3) -4351(3) 39(1) 
C(24) 15484(5) 12360(4) -3706(3) 38(1) 
C(30) 13157(6) 9383(5) -566(3) 50(1) 
C(29) 12281(6) 10130(5) -1507(3) 51(1) 
C(32) 12979(7) 8531(6) 1233(4) 69(2) 
C(31) 12133(6) 9169(6) 290(4) 57(1) 
O(1) 20198(4) 10141(3) -6826(2) 55(1) 
O(3) 16012(4) 6196(4) -3961(3) 64(1) 
F(2) 20467(6) 13108(3) -7874(3) 119(2) 
F(3) 20169(5) 11771(4) -8550(2) 97(1) 
F(4) 14847(6) 6199(4) -1817(3) 115(2) 
F(1) 22280(4) 11462(4) -7921(3) 103(1) 
C(41) 20330(5) 11193(5) -6823(3) 42(1) 
C(42) 20809(6) 11909(5) -7788(4) 52(1) 
C(51) 14940(6) 6012(4) -3437(4) 47(1) 
C(52) 14456(6) 6831(5) -2694(4) 54(1) 
F(5) 15062(9) 7718(5) -2812(4) 188(3) 
C(12) 22845(8) 2865(6) -10854(5) 85(2) 
F(6) 13061(5) 7317(6) -2677(4) 168(3) 
O(2) 20141(4) 11765(3) -6154(2) 54(1) 
O(4) 14193(5) 5275(4) -3441(3) 65(1) 
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Table A.43.   Bond lengths [Å] and angles [°] for compound 11 [Ag
2
(5-pyrimidyl-
hexyne)
2
(CF
3
CO
2
)
2
]
α
. 
_____________________________________________________  
Ag(1)-N(21)  2.289(4) 
Ag(1)-N(3)  2.310(3) 
Ag(1)-O(1)  2.360(3) 
Ag(1)-O(2)#1  2.498(3) 
Ag(1)-Ag(1)#1  3.3558(8) 
Ag(2)-N(23)#2  2.285(3) 
Ag(2)-N(1)  2.332(4) 
Ag(2)-O(3)  2.366(4) 
Ag(2)-O(4)#3  2.588(4) 
Ag(2)-Ag(2)#3  3.1612(9) 
N(1)-C(2)  1.341(5) 
N(1)-C(6)  1.344(5) 
N(3)-C(2)  1.337(5) 
N(3)-C(4)  1.361(5) 
C(4)-C(5)  1.391(6) 
C(5)-C(6)  1.407(6) 
C(5)-C(7)  1.451(6) 
C(8)-C(7)  1.195(6) 
C(8)-C(9)  1.470(7) 
C(9)-C(10)  1.543(6) 
C(10)-C(11)  1.504(7) 
C(11)-C(12)  1.535(8) 
N(21)-C(22)  1.342(5) 
N(21)-C(26)  1.356(6) 
C(26)-C(25)  1.399(6) 
C(25)-C(24)  1.393(6) 
C(25)-C(27)  1.447(6) 
C(22)-N(23)  1.341(5) 
C(27)-C(28)  1.202(6) 
C(28)-C(29)  1.474(6) 
N(23)-C(24)  1.351(5) 
N(23)-Ag(2)#4  2.285(3) 
C(30)-C(31)  1.529(6) 
C(30)-C(29)  1.550(7) 
C(32)-C(31)  1.519(7) 
O(1)-C(41)  1.249(6) 
O(3)-C(51)  1.251(6) 
F(2)-C(42)  1.301(6) 
F(3)-C(42)  1.329(6) 
F(4)-C(52)  1.309(6) 
F(1)-C(42)  1.338(6) 
C(41)-O(2)  1.258(5) 
C(41)-C(42)  1.550(6) 
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C(51)-O(4)  1.240(6) 
C(51)-C(52)  1.543(7) 
C(52)-F(6)  1.260(7) 
C(52)-F(5)  1.274(7) 
O(2)-Ag(1)#1  2.498(3) 
O(4)-Ag(2)#3  2.588(4) 
 
N(21)-Ag(1)-N(3) 138.49(13) 
N(21)-Ag(1)-O(1) 121.88(12) 
N(3)-Ag(1)-O(1) 92.67(12) 
N(21)-Ag(1)-O(2)#1 88.14(12) 
N(3)-Ag(1)-O(2)#1 87.23(12) 
O(1)-Ag(1)-O(2)#1 127.77(12) 
N(21)-Ag(1)-Ag(1)#1 82.52(9) 
N(3)-Ag(1)-Ag(1)#1 131.01(9) 
O(1)-Ag(1)-Ag(1)#1 77.35(9) 
O(2)#1-Ag(1)-Ag(1)#1 64.51(9) 
N(23)#2-Ag(2)-N(1) 139.92(13) 
N(23)#2-Ag(2)-O(3) 123.09(13) 
N(1)-Ag(2)-O(3) 90.02(13) 
N(23)#2-Ag(2)-O(4)#3 89.62(12) 
N(1)-Ag(2)-O(4)#3 85.39(12) 
O(3)-Ag(2)-O(4)#3 127.90(14) 
N(23)#2-Ag(2)-Ag(2)#3 82.38(9) 
N(1)-Ag(2)-Ag(2)#3 129.28(10) 
O(3)-Ag(2)-Ag(2)#3 79.98(10) 
O(4)#3-Ag(2)-Ag(2)#3 64.25(9) 
C(2)-N(1)-C(6) 117.4(4) 
C(2)-N(1)-Ag(2) 115.7(3) 
C(6)-N(1)-Ag(2) 126.3(3) 
C(2)-N(3)-C(4) 116.6(3) 
C(2)-N(3)-Ag(1) 120.7(3) 
C(4)-N(3)-Ag(1) 121.7(3) 
N(3)-C(2)-N(1) 125.6(4) 
N(3)-C(4)-C(5) 122.5(4) 
C(4)-C(5)-C(6) 115.9(4) 
C(4)-C(5)-C(7) 121.0(4) 
C(6)-C(5)-C(7) 123.0(4) 
C(7)-C(8)-C(9) 177.1(5) 
C(8)-C(7)-C(5) 177.4(5) 
C(8)-C(9)-C(10) 112.9(4) 
N(1)-C(6)-C(5) 121.9(4) 
C(11)-C(10)-C(9) 114.3(4) 
C(10)-C(11)-C(12) 112.6(5) 
C(22)-N(21)-C(26) 116.6(4) 
C(22)-N(21)-Ag(1) 115.4(3) 
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C(26)-N(21)-Ag(1) 126.6(3) 
N(21)-C(26)-C(25) 122.2(4) 
C(24)-C(25)-C(26) 116.5(4) 
C(24)-C(25)-C(27) 122.2(4) 
C(26)-C(25)-C(27) 121.3(4) 
N(23)-C(22)-N(21) 125.5(4) 
C(28)-C(27)-C(25) 177.8(5) 
C(27)-C(28)-C(29) 176.9(5) 
C(22)-N(23)-C(24) 117.4(4) 
C(22)-N(23)-Ag(2)#4 115.6(3) 
C(24)-N(23)-Ag(2)#4 125.8(3) 
N(23)-C(24)-C(25) 121.8(4) 
C(31)-C(30)-C(29) 113.0(4) 
C(28)-C(29)-C(30) 112.1(4) 
C(32)-C(31)-C(30) 113.5(4) 
C(41)-O(1)-Ag(1) 111.8(3) 
C(51)-O(3)-Ag(2) 109.3(3) 
O(1)-C(41)-O(2) 130.0(4) 
O(1)-C(41)-C(42) 115.5(4) 
O(2)-C(41)-C(42) 114.5(4) 
F(2)-C(42)-F(3) 104.4(5) 
F(2)-C(42)-F(1) 109.8(5) 
F(3)-C(42)-F(1) 104.3(4) 
F(2)-C(42)-C(41) 114.1(4) 
F(3)-C(42)-C(41) 113.2(4) 
F(1)-C(42)-C(41) 110.5(4) 
O(4)-C(51)-O(3) 129.0(5) 
O(4)-C(51)-C(52) 115.2(5) 
O(3)-C(51)-C(52) 115.9(4) 
F(6)-C(52)-F(5) 106.5(6) 
F(6)-C(52)-F(4) 105.8(5) 
F(5)-C(52)-F(4) 103.9(6) 
F(6)-C(52)-C(51) 113.8(5) 
F(5)-C(52)-C(51) 113.8(5) 
F(4)-C(52)-C(51) 112.1(4) 
C(41)-O(2)-Ag(1)#1 119.1(3) 
C(51)-O(4)-Ag(2)#3 114.0(3) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+4,-y+2,-z-1    #2 x,y-1,z    #3 -x+3,-y+1,-z-1       
#4 x,y+1,z       
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Table A. 44   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 11 
[Ag
2
(5-pyrimidyl-hexyne)
2
(CF
3
CO
2
)
2
]
∞
.  The anisotropic displacement factor 
exponent takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 70(1)  31(1) 43(1)  -15(1) 17(1)  -19(1) 
Ag(2) 55(1)  36(1) 59(1)  -17(1) 12(1)  -23(1) 
N(1) 47(2)  34(2) 50(2)  -16(2) 7(2)  -19(2) 
N(3) 47(2)  31(2) 39(2)  -12(2) 5(2)  -14(2) 
C(2) 44(2)  31(2) 40(2)  -12(2) 6(2)  -14(2) 
C(4) 46(3)  31(2) 45(3)  -9(2) 7(2)  -17(2) 
C(5) 42(2)  34(2) 39(2)  -10(2) 0(2)  -10(2) 
C(8) 54(3)  42(3) 49(3)  -17(2) 8(2)  -16(2) 
C(7) 57(3)  44(3) 43(3)  -20(2) 11(2)  -19(2) 
C(9) 64(3)  51(3) 44(3)  -17(2) 16(2)  -21(3) 
C(6) 54(3)  36(2) 46(3)  -20(2) 5(2)  -19(2) 
C(10) 48(3)  48(3) 47(3)  -17(2) 7(2)  -15(2) 
C(11) 76(4)  71(4) 60(3)  -27(3) 15(3)  -22(3) 
N(21) 48(2)  29(2) 39(2)  -9(2) 4(2)  -12(2) 
C(26) 48(3)  30(2) 39(2)  -6(2) -1(2)  -17(2) 
C(25) 44(2)  33(2) 34(2)  -7(2) -2(2)  -10(2) 
C(22) 46(3)  28(2) 45(3)  -10(2) 10(2)  -8(2) 
C(27) 43(3)  33(2) 42(2)  -9(2) 4(2)  -12(2) 
C(28) 52(3)  45(3) 41(3)  -15(2) 2(2)  -19(2) 
N(23) 46(2)  28(2) 45(2)  -11(2) 8(2)  -12(2) 
C(24) 49(3)  29(2) 36(2)  -9(2) 8(2)  -13(2) 
C(30) 51(3)  54(3) 47(3)  -11(2) 8(2)  -21(2) 
C(29) 53(3)  61(3) 48(3)  -13(2) 10(2)  -32(3) 
C(32) 71(4)  93(5) 50(3)  -14(3) 10(3)  -39(4) 
C(31) 56(3)  70(4) 51(3)  -14(3) 13(2)  -29(3) 
O(1) 74(2)  47(2) 50(2)  -7(2) 11(2)  -32(2) 
O(3) 64(2)  69(3) 68(3)  -28(2) 19(2)  -24(2) 
F(2) 222(5)  50(2) 90(3)  -20(2) 72(3)  -55(3) 
F(3) 151(4)  116(3) 38(2)  0(2) -5(2)  -73(3) 
F(4) 166(4)  115(4) 54(2)  -28(2) -16(2)  -12(3) 
F(1) 70(2)  131(4) 84(3)  16(2) 30(2)  -30(2) 
C(41) 43(3)  49(3) 35(2)  -7(2) 3(2)  -16(2) 
C(42) 69(3)  48(3) 45(3)  -13(2) 17(2)  -27(3) 
C(51) 56(3)  37(2) 47(3)  -11(2) -5(2)  -12(2) 
C(52) 68(4)  45(3) 52(3)  -16(2) 7(3)  -17(3) 
F(5) 338(9)  137(5) 182(5)  -122(4) 155(6)  -169(6) 
C(12) 89(5)  82(5) 94(5)  -55(4) -2(4)  -10(4) 
F(6) 83(3)  245(7) 165(5)  -151(5) -30(3)  61(4) 
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O(2) 65(2)  59(2) 39(2)  -16(2) 10(2)  -14(2) 
O(4) 91(3)  55(2) 64(2)  -16(2) 0(2)  -39(2) 
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Figure A.12. Ellipsoid plot for compound 12 [Ag
4
(5-pyrimidyl-octyne)
4
(NO
3
)
4
]
n
. 
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Table A.45.  Crystal data and structure refinement for compound 12 [Ag
4
(5-
pyrimidyl-octyne)
4
(NO
3
)
4
]
n
. 
 
Empirical formula  C12 H16 Ag N3 O3 
Formula weight  358.15 
Temperature  173(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 8.420(6) Å α= 86.23(7)°. 
 b = 9.322(4) Å β= 78.66(3)°. 
 c = 19.639(15) Å γ = 68.43(4)°. 
Volume 1405.6(16) Å
3
 
Z 4 
Density (calculated) 1.692 Mg/m
3
 
Absorption coefficient 1.441 mm
-1
 
F(000) 720 
Crystal size 0.28 x 0.20 x 0.04 mm
3
 
Theta range for data collection 1.06 to 30.55°. 
Index ranges -11<=h<=11, -13<=k<=12, -26<=l<=27 
Reflections collected 20299 
Independent reflections 7963 [R(int) = 0.0310] 
Completeness to theta = 28.00° 99.6 %  
Absorption correction Empirical 
Max. and min. transmission 1.000 and 0.709 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 7963 / 0 / 343 
Goodness-of-fit on F
2
 1.229 
Final R indices [I>2sigma(I)] R1 = 0.0417, wR2 = 0.1058 
R indices (all data) R1 = 0.0469, wR2 = 0.1082 
Largest diff. peak and hole 1.128 and -0.792 e.Å
-3
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Table A.46.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 12 [Ag
4
(5-pyrimidyl-octyne)
4
(NO
3
)
4
]
n
. 
U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 9746(1) 2444(1) 3890(1) 34(1) 
Ag(2) 3107(1) 2288(1) 5684(1) 32(1) 
N(3) 4190(3) 3409(3) 4718(1) 28(1) 
C(8) 2576(4) 7265(4) 2927(2) 34(1) 
N(1) 6833(3) 3382(3) 4014(1) 27(1) 
C(4) 3295(3) 4574(3) 4345(1) 27(1) 
N(31) 4704(3) 303(3) 6305(1) 30(1) 
C(6) 5938(3) 4558(3) 3649(1) 26(1) 
C(5) 4129(3) 5176(3) 3784(1) 25(1) 
N(6) 9857(3) -1391(3) 4553(1) 30(1) 
N(5) 9361(3) 5707(3) 3133(2) 36(1) 
C(32) 6435(3) -235(3) 6222(2) 30(1) 
C(36) 3863(3) -420(3) 6760(2) 28(1) 
C(2) 5911(3) 2846(3) 4525(2) 29(1) 
O(6) 9073(4) -2154(3) 4936(1) 48(1) 
O(5) 11281(3) -1481(3) 4670(1) 43(1) 
O(2) 9439(4) 5336(3) 3757(2) 53(1) 
O(4) 9218(3) -598(3) 4077(1) 46(1) 
C(7) 3228(4) 6344(3) 3339(2) 30(1) 
O(1) 8389(4) 6992(3) 3010(2) 60(1) 
C(12) 6206(5) 8348(4) 1210(2) 39(1) 
O(3) 10159(5) 4772(4) 2671(2) 87(1) 
C(14) 9218(6) 8382(6) 707(2) 59(1) 
C(11) 4819(5) 8528(4) 1859(2) 41(1) 
C(13) 7811(5) 8587(5) 1343(2) 49(1) 
N(33) 7391(3) -1462(3) 6541(1) 29(1) 
C(37) 3811(4) -2472(3) 7605(2) 30(1) 
C(35) 4737(3) -1703(3) 7126(1) 26(1) 
C(34) 6545(3) -2200(3) 6988(2) 27(1) 
C(10) 3229(5) 8242(4) 1744(2) 41(1) 
C(9) 1867(4) 8378(4) 2407(2) 42(1) 
C(38) 3009(4) -3123(4) 7979(2) 33(1) 
C(40) 24(4) -2827(4) 8593(2) 39(1) 
C(39) 1930(4) -3879(4) 8423(2) 37(1) 
C(41) -1121(4) -3666(4) 8991(2) 40(1) 
C(42) -3029(5) -2653(4) 9149(2) 42(1) 
C(43) -4197(5) -3500(5) 9517(2) 46(1) 
C(44) -6090(5) -2448(5) 9706(2) 51(1) 
____________________________________________________________________
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 Table A.47.   Bond lengths [Å] and angles [°] for  compound 12 [Ag
4
(5-pyrimidyl-
octyne)
4
(NO
3
)
4
]
n
. 
_____________________________________________________  
Ag(1)-N(33)#1  2.246(3) 
Ag(1)-N(1)  2.248(3) 
Ag(2)-N(31)  2.289(3) 
Ag(2)-N(3)  2.299(3) 
Ag(2)-O(6)#2  2.437(3) 
Ag(2)-O(2)#3  2.570(4) 
N(3)-C(2)  1.330(4) 
N(3)-C(4)  1.339(4) 
C(8)-C(7)  1.196(4) 
C(8)-C(9)  1.456(4) 
N(1)-C(2)  1.332(4) 
N(1)-C(6)  1.336(4) 
C(4)-C(5)  1.388(4) 
N(31)-C(36)  1.333(4) 
N(31)-C(32)  1.335(4) 
C(6)-C(5)  1.393(4) 
C(5)-C(7)  1.432(4) 
N(6)-O(4)  1.235(3) 
N(6)-O(5)  1.236(3) 
N(6)-O(6)  1.259(3) 
N(5)-O(3)  1.212(4) 
N(5)-O(1)  1.218(4) 
N(5)-O(2)  1.259(4) 
C(32)-N(33)  1.332(4) 
C(36)-C(35)  1.392(4) 
O(6)-Ag(2)#2  2.437(3) 
O(2)-Ag(2)#3  2.570(4) 
C(12)-C(13)  1.521(5) 
C(12)-C(11)  1.522(5) 
C(14)-C(13)  1.511(5) 
C(11)-C(10)  1.518(5) 
N(33)-C(34)  1.337(4) 
N(33)-Ag(1)#1  2.246(3) 
C(37)-C(38)  1.188(4) 
C(37)-C(35)  1.429(4) 
C(35)-C(34)  1.393(4) 
C(10)-C(9)  1.535(5) 
C(38)-C(39)  1.469(4) 
C(40)-C(39)  1.525(5) 
C(40)-C(41)  1.526(4) 
C(41)-C(42)  1.516(5) 
C(42)-C(43)  1.527(5) 
C(43)-C(44)  1.518(6) 
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N(33)#1-Ag(1)-N(1) 164.21(9) 
N(31)-Ag(2)-N(3) 126.01(10) 
N(31)-Ag(2)-O(6)#2 124.49(10) 
N(3)-Ag(2)-O(6)#2 88.37(10) 
N(31)-Ag(2)-O(2)#3 123.80(10) 
N(3)-Ag(2)-O(2)#3 99.82(10) 
O(6)#2-Ag(2)-O(2)#3 82.14(11) 
C(2)-N(3)-C(4) 117.2(2) 
C(2)-N(3)-Ag(2) 115.18(18) 
C(4)-N(3)-Ag(2) 127.55(19) 
C(7)-C(8)-C(9) 177.2(3) 
C(2)-N(1)-C(6) 116.7(2) 
C(2)-N(1)-Ag(1) 118.76(18) 
C(6)-N(1)-Ag(1) 124.18(18) 
N(3)-C(4)-C(5) 121.4(2) 
C(36)-N(31)-C(32) 117.2(2) 
C(36)-N(31)-Ag(2) 118.07(19) 
C(32)-N(31)-Ag(2) 124.6(2) 
N(1)-C(6)-C(5) 121.9(2) 
C(4)-C(5)-C(6) 116.7(2) 
C(4)-C(5)-C(7) 123.5(2) 
C(6)-C(5)-C(7) 119.7(2) 
O(4)-N(6)-O(5) 121.9(3) 
O(4)-N(6)-O(6) 120.6(3) 
O(5)-N(6)-O(6) 117.5(3) 
O(3)-N(5)-O(1) 121.0(3) 
O(3)-N(5)-O(2) 120.5(3) 
O(1)-N(5)-O(2) 118.4(3) 
N(33)-C(32)-N(31) 125.3(3) 
N(31)-C(36)-C(35) 122.0(3) 
N(3)-C(2)-N(1) 125.8(3) 
N(6)-O(6)-Ag(2)#2 105.70(19) 
N(5)-O(2)-Ag(2)#3 97.4(2) 
C(8)-C(7)-C(5) 175.1(3) 
C(13)-C(12)-C(11) 113.4(3) 
C(10)-C(11)-C(12) 114.3(3) 
C(14)-C(13)-C(12) 114.2(3) 
C(32)-N(33)-C(34) 117.3(2) 
C(32)-N(33)-Ag(1)#1 117.06(19) 
C(34)-N(33)-Ag(1)#1 124.05(19) 
C(38)-C(37)-C(35) 177.0(3) 
C(34)-C(35)-C(36) 116.3(3) 
C(34)-C(35)-C(37) 122.6(3) 
C(36)-C(35)-C(37) 121.1(3) 
N(33)-C(34)-C(35) 121.8(3) 
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C(11)-C(10)-C(9) 113.8(3) 
C(8)-C(9)-C(10) 111.6(3) 
C(37)-C(38)-C(39) 176.6(3) 
C(39)-C(40)-C(41) 112.2(3) 
C(38)-C(39)-C(40) 112.4(3) 
C(42)-C(41)-C(40) 113.1(3) 
C(41)-C(42)-C(43) 113.5(3) 
C(44)-C(43)-C(42) 112.8(3) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+2,-y,-z+1    #2 -x+1,-y,-z+1    #3 -x+1,-y+1,-z+1       
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 Table A.48.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 12 
[Ag
4
(5-pyrimidyl-octyne)
4
(NO
3
)
4
]
n
. The anisotropic displacement factor exponent 
takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 16(1)  42(1) 41(1)  5(1) -2(1)  -8(1) 
Ag(2) 26(1)  41(1) 33(1)  11(1) -7(1)  -15(1) 
N(3) 21(1)  34(1) 31(1)  9(1) -5(1)  -12(1) 
C(8) 28(1)  37(2) 37(2)  8(1) -5(1)  -13(1) 
N(1) 19(1)  31(1) 32(1)  4(1) -5(1)  -10(1) 
C(4) 19(1)  31(1) 31(1)  3(1) -3(1)  -8(1) 
N(31) 21(1)  31(1) 34(1)  7(1) -3(1)  -7(1) 
C(6) 22(1)  31(1) 28(1)  2(1) -3(1)  -13(1) 
C(5) 23(1)  27(1) 26(1)  1(1) -5(1)  -8(1) 
N(6) 24(1)  39(1) 29(1)  -3(1) -6(1)  -12(1) 
N(5) 28(1)  31(1) 48(2)  -2(1) -12(1)  -7(1) 
C(32) 21(1)  33(1) 32(1)  5(1) -1(1)  -8(1) 
C(36) 20(1)  32(1) 30(1)  2(1) -3(1)  -9(1) 
C(2) 21(1)  33(1) 33(1)  10(1) -7(1)  -10(1) 
O(6) 52(1)  71(2) 40(1)  6(1) -6(1)  -44(1) 
O(5) 30(1)  61(2) 45(1)  1(1) -13(1)  -23(1) 
O(2) 71(2)  49(2) 53(2)  13(1) -26(1)  -34(1) 
O(4) 48(1)  49(1) 41(1)  4(1) -21(1)  -11(1) 
C(7) 24(1)  34(1) 32(1)  5(1) -3(1)  -11(1) 
O(1) 59(2)  38(1) 66(2)  5(1) -17(1)  5(1) 
C(12) 45(2)  38(2) 33(2)  2(1) -4(1)  -18(1) 
O(3) 71(2)  83(2) 74(2)  -45(2) -39(2)  33(2) 
C(14) 47(2)  70(3) 55(2)  -1(2) 3(2)  -23(2) 
C(11) 43(2)  49(2) 34(2)  5(1) -6(1)  -22(2) 
C(13) 46(2)  62(2) 44(2)  2(2) -4(2)  -28(2) 
N(33) 19(1)  31(1) 33(1)  2(1) -2(1)  -7(1) 
C(37) 27(1)  32(1) 27(1)  -2(1) -2(1)  -9(1) 
C(35) 25(1)  28(1) 24(1)  -1(1) -2(1)  -10(1) 
C(34) 23(1)  29(1) 30(1)  1(1) -4(1)  -8(1) 
C(10) 43(2)  48(2) 37(2)  13(1) -15(1)  -21(2) 
C(9) 32(2)  48(2) 44(2)  18(1) -13(1)  -12(1) 
C(38) 33(1)  33(1) 31(1)  0(1) -3(1)  -11(1) 
C(40) 38(2)  37(2) 42(2)  2(1) 4(1)  -18(1) 
C(39) 39(2)  36(2) 37(2)  8(1) -2(1)  -18(1) 
C(41) 41(2)  41(2) 36(2)  1(1) 6(1)  -20(1) 
C(42) 45(2)  44(2) 39(2)  2(1) 2(1)  -22(2) 
C(43) 45(2)  51(2) 45(2)  3(2) 4(2)  -25(2) 
C(44) 42(2)  66(2) 47(2)  1(2) -1(2)  -26(2) 
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Figure A.13. Ellipsoid plot for compound 13 [Ag
4
(5-pyrimidyl-nonyne)
4
(NO
3
)
4
]
n
. 
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Table A.49.  Crystal data and structure refinement for compound 13 [Ag
4
(5-
pyrimidyl-nonyne)
4
(NO
3
)
4
]
n
. 
 
Empirical formula  C13 H18 Ag N3 O3 
Formula weight  372.17 
Temperature  193(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 8.560(4) Å       α= 101.494(8)°. 
 b = 9.542(4) Å       β= 92.138(8)°. 
 c = 21.436(9) Å     γ= 113.250(8)°. 
Volume 1563.2(12) Å
3
 
Z 4 
Density (calculated) 1.581 Mg/m
3
 
Absorption coefficient 1.299 mm
-1
 
F(000) 752 
Crystal size 0.26 x 0.25 x 0.04 mm
3
 
Theta range for data collection 0.98 to 30.58°. 
Index ranges -12<=h<=12, -13<=k<=12, -29<=l<=29 
Reflections collected 21800 
Independent reflections 8856 [R(int) = 0.1101] 
Completeness to theta = 28.00° 98.9 %  
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 8856 / 0 / 303 
Goodness-of-fit on F
2
 1.082 
Final R indices [I>2sigma(I)] R1 = 0.1162, wR2 = 0.2329 
R indices (all data) R1 = 0.2465, wR2 = 0.2868 
Largest diff. peak and hole 1.347 and -1.416 e.Å
-3
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 Table A.50.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 13 [Ag
4
(5-pyrimidyl-nonyne)
4
(NO
3
)
4
]
n
. 
U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 1404(1) 6909(1) 4381(1) 63(1) 
Ag(2) -3829(1) 8066(1) 6015(1) 68(1) 
N(1) 1019(9) 8518(8) 5252(4) 57(2) 
C(7) 3153(12) 12167(13) 6540(5) 67(3) 
C(27) -8985(13) 8827(13) 7414(5) 65(3) 
N(21) -6393(8) 7295(9) 6385(4) 56(2) 
C(26) -6824(11) 8246(11) 6829(4) 54(2) 
C(4) 202(11) 10226(11) 6246(5) 54(2) 
N(3) -1041(9) 8904(8) 5893(4) 54(2) 
C(6) 2245(11) 9848(11) 5608(5) 55(2) 
O(3) 5932(10) 6208(11) 4651(4) 97(3) 
O(2) 3381(11) 5117(9) 4177(4) 91(2) 
N(31) 4500(10) 6150(10) 4569(4) 59(2) 
C(2) -550(11) 8108(11) 5414(5) 58(2) 
C(5) 1874(10) 10738(10) 6121(4) 48(2) 
O(1) 4187(10) 7232(10) 4908(4) 81(2) 
C(25) -8508(11) 7818(10) 6951(4) 50(2) 
O(4) 3303(10) 8966(10) 3841(5) 85(2) 
O(5) 1661(12) 6951(10) 3137(5) 110(3) 
N(32) 2720(11) 8307(12) 3276(6) 76(3) 
C(28) -9519(15) 9632(14) 7750(6) 75(3) 
O(6) 3142(13) 9061(14) 2862(6) 137(5) 
C(8) 4213(15) 13268(16) 6900(6) 92(4) 
C(29) -10142(17) 10691(17) 8176(7) 100(4) 
C(30) -11900(30) 9800(30) 8320(12) 189(3) 
C(32) -14320(30) 10270(30) 8812(12) 189(3) 
C(31) -12590(30) 10960(30) 8739(12) 189(3) 
C(9) 5440(30) 14710(30) 7340(12) 189(3) 
C(11) 3180(30) 15270(30) 7913(11) 171(9) 
C(13) 1100(30) 15790(30) 8544(11) 189(3) 
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C(10) 4710(30) 14990(30) 7940(12) 194(11) 
C(33) -14830(30) 11570(30) 9267(12) 189(3) 
C(12) 2360(30) 15550(30) 8548(11) 189(3) 
C(34) -16580(30) 10690(30) 9402(12) 189(3) 
C(14) 200(30) 15900(30) 9138(11) 189(3) 
N(23) -9240(9) 5432(9) 6169(4) 61(2) 
C(24) -9681(12) 6370(12) 6612(5) 58(2) 
C(22) -7613(11) 5944(11) 6085(5) 61(3) 
C(35) -16800(30) 12320(30) 9815(11) 189(3) 
C(15) -1130(30) 15990(30) 9105(12) 189(3) 
____________________________________________________________________ 
 
 
Table A.51   Bond lengths [Å] and angles [°] for  compound 13 [Ag
4
(5-pyrimidyl-
nonyne)
4
(NO
3
)
4
]
n
. 
_____________________________________________________  
Ag(1)-N(1)  2.293(8) 
Ag(1)-N(23)#1  2.309(8) 
Ag(1)-O(1)  2.475(7) 
Ag(1)-O(4)  2.522(9) 
Ag(2)-N(3)  2.242(7) 
Ag(2)-N(21)  2.252(7) 
N(1)-C(2)  1.323(11) 
N(1)-C(6)  1.340(11) 
C(7)-C(8)  1.181(15) 
C(7)-C(5)  1.457(13) 
C(27)-C(28)  1.183(14) 
C(27)-C(25)  1.427(14) 
N(21)-C(22)  1.313(11) 
N(21)-C(26)  1.346(12) 
C(26)-C(25)  1.385(12) 
C(4)-N(3)  1.340(11) 
C(4)-C(5)  1.374(11) 
N(3)-C(2)  1.334(11) 
C(6)-C(5)  1.379(13) 
O(3)-N(31)  1.210(10) 
O(2)-N(31)  1.208(10) 
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N(31)-O(1)  1.264(11) 
C(25)-C(24)  1.377(13) 
O(4)-N(32)  1.230(12) 
O(5)-N(32)  1.219(12) 
N(32)-O(6)  1.229(13) 
C(28)-C(29)  1.494(15) 
C(8)-C(9)  1.47(3) 
C(29)-C(30)  1.49(2) 
C(30)-C(31)  1.59(3) 
C(32)-C(31)  1.39(3) 
C(32)-C(33)  1.63(3) 
C(9)-C(10)  1.48(3) 
C(11)-C(10)  1.43(3) 
C(11)-C(12)  1.58(3) 
C(13)-C(12)  1.18(3) 
C(13)-C(14)  1.52(3) 
C(33)-C(34)  1.48(3) 
C(34)-C(35)  1.71(3) 
C(14)-C(15)  1.18(3) 
N(23)-C(22)  1.314(11) 
N(23)-C(24)  1.342(12) 
N(23)-Ag(1)#1  2.309(8) 
 
N(1)-Ag(1)-N(23)#1 123.0(3) 
N(1)-Ag(1)-O(1) 92.2(3) 
N(23)#1-Ag(1)-O(1) 125.9(3) 
N(1)-Ag(1)-O(4) 99.1(3) 
N(23)#1-Ag(1)-O(4) 123.6(3) 
O(1)-Ag(1)-O(4) 82.7(3) 
N(3)-Ag(2)-N(21) 166.2(3) 
C(2)-N(1)-C(6) 117.2(8) 
C(2)-N(1)-Ag(1) 117.3(6) 
C(6)-N(1)-Ag(1) 125.5(6) 
C(8)-C(7)-C(5) 175.9(14) 
C(28)-C(27)-C(25) 173.1(12) 
C(22)-N(21)-C(26) 117.7(8) 
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C(22)-N(21)-Ag(2) 118.3(6) 
C(26)-N(21)-Ag(2) 123.2(6) 
N(21)-C(26)-C(25) 120.7(8) 
N(3)-C(4)-C(5) 122.2(9) 
C(2)-N(3)-C(4) 115.8(8) 
C(2)-N(3)-Ag(2) 119.4(6) 
C(4)-N(3)-Ag(2) 124.8(6) 
N(1)-C(6)-C(5) 120.9(8) 
O(2)-N(31)-O(3) 122.7(10) 
O(2)-N(31)-O(1) 119.5(8) 
O(3)-N(31)-O(1) 117.8(9) 
N(1)-C(2)-N(3) 126.3(8) 
C(4)-C(5)-C(6) 117.6(8) 
C(4)-C(5)-C(7) 118.6(8) 
C(6)-C(5)-C(7) 123.8(8) 
N(31)-O(1)-Ag(1) 104.2(5) 
C(24)-C(25)-C(26) 116.7(8) 
C(24)-C(25)-C(27) 122.1(8) 
C(26)-C(25)-C(27) 121.2(9) 
N(32)-O(4)-Ag(1) 99.8(7) 
O(5)-N(32)-O(6) 120.7(13) 
O(5)-N(32)-O(4) 120.1(11) 
O(6)-N(32)-O(4) 119.1(11) 
C(27)-C(28)-C(29) 178.2(14) 
C(7)-C(8)-C(9) 175.2(17) 
C(30)-C(29)-C(28) 111.0(13) 
C(29)-C(30)-C(31) 110(2) 
C(31)-C(32)-C(33) 109(2) 
C(32)-C(31)-C(30) 114(2) 
C(8)-C(9)-C(10) 109.2(18) 
C(10)-C(11)-C(12) 120(2) 
C(12)-C(13)-C(14) 122(3) 
C(11)-C(10)-C(9) 119(2) 
C(34)-C(33)-C(32) 105(2) 
C(13)-C(12)-C(11) 122(3) 
C(33)-C(34)-C(35) 94.7(19) 
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C(15)-C(14)-C(13) 120(3) 
C(22)-N(23)-C(24) 116.6(8) 
C(22)-N(23)-Ag(1)#1 126.2(6) 
C(24)-N(23)-Ag(1)#1 117.2(6) 
N(23)-C(24)-C(25) 122.1(8) 
N(21)-C(22)-N(23) 126.1(9) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x-1,-y+1,-z+1       
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 Table A.52   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 13 
[Ag
4
(5-pyrimidyl-nonyne)
4
(NO
3
)
4
]
n
. The anisotropic displacement factor exponent 
takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 42(1)  68(1) 69(1)  -2(1) 7(1)  22(1) 
Ag(2) 30(1)  84(1) 81(1)  10(1) 15(1)  17(1) 
N(1) 42(4)  52(4) 72(5)  9(4) 15(4)  17(3) 
C(7) 39(5)  78(7) 65(7)  7(6) 16(5)  7(5) 
C(27) 62(6)  76(7) 51(6)  2(5) 6(5)  28(5) 
N(21) 27(3)  66(5) 69(5)  9(4) 12(3)  16(3) 
C(26) 39(5)  67(6) 47(5)  10(4) 0(4)  14(4) 
C(4) 40(5)  63(6) 64(6)  13(5) 12(4)  26(4) 
N(3) 36(4)  55(4) 68(5)  7(4) 9(4)  18(3) 
C(6) 33(4)  55(5) 62(6)  12(5) 7(4)  3(4) 
O(3) 56(5)  131(7) 119(7)  36(6) -1(5)  51(5) 
O(2) 76(5)  81(5) 90(6)  6(4) -26(4)  13(4) 
N(31) 41(4)  73(5) 66(6)  15(4) 1(4)  28(4) 
C(2) 31(4)  61(5) 75(7)  10(5) 7(4)  12(4) 
C(5) 32(4)  54(5) 50(5)  9(4) 7(4)  13(4) 
O(1) 76(5)  93(6) 80(5)  12(4) -8(4)  44(5) 
C(25) 39(4)  52(5) 56(6)  10(4) 12(4)  16(4) 
O(4) 70(5)  92(6) 94(6)  12(5) 6(5)  39(4) 
O(5) 90(6)  74(6) 138(8)  21(5) 15(6)  6(5) 
N(32) 38(5)  81(7) 115(9)  48(7) 13(5)  19(5) 
C(28) 74(7)  93(8) 66(7)  6(6) 15(6)  47(7) 
O(6) 86(7)  155(9) 130(9)  82(8) -13(6)  -14(6) 
C(8) 51(6)  109(10) 82(9)  -23(7) 8(6)  18(7) 
C(29) 96(10)  118(10) 93(9)  -13(8) 31(8)  67(9) 
C(30) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
C(32) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
C(31) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
C(9) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
C(11) 146(18)  162(18) 190(20)  -34(15) -18(16)  87(16) 
C(13) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
  
222 
C(10) 160(20)  146(17) 200(20)  -84(15) -76(18)  47(15) 
C(33) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
C(12) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
C(34) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
C(14) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
N(23) 42(4)  71(5) 62(5)  1(4) 11(4)  21(4) 
C(24) 43(5)  77(6) 58(6)  21(5) 20(4)  24(5) 
C(22) 35(5)  63(6) 74(7)  1(5) 13(4)  14(4) 
C(35) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
C(15) 172(7)  229(7) 179(6)  9(5) 64(6)  110(6) 
____________________________________________________________________
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Figure A.14. Ellipsoid plot for compound 14 [Ag
4
(5-pyrimidyl-decyne)
4
(NO
3
)
4
]
n
. 
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Table A.53.  Crystal data and structure refinement for compound 14 [Ag
4
(5-
pyrimidyl-decyne)
4
(NO
3
)
4
]
n
. 
 
 
Empirical formula  C14 H20 Ag N3 O3 
Formula weight  386.20 
Temperature  198(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a = 8.556(6) Å            α= 92.70(5)°. 
 b = 9.308(8) Å            β= 90.84(6)°. 
 c = 22.29(2) Å           γ =112.39(6)°. 
Volume 1638(2) Å
3
 
Z 4 
Density (calculated) 1.566 Mg/m
3
 
Absorption coefficient 1.243 mm
-1
 
F(000) 784 
Crystal size 0.03 x 0.14 x 0.26 mm
3
 
Theta range for data collection 0.92 to 30.56°. 
Index ranges -12<=h<=11, -12<=k<=13, -30<=l<=31 
Reflections collected 26442 
Independent reflections 9338 [R(int) = 0.1553] 
Completeness to theta = 28.00° 99.7 %  
Absorption correction Empirical 
Max. and min. transmission 0.875 and 0.237 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 9338 / 0 / 379 
Goodness-of-fit on F
2
 0.943 
Final R indices [I>2sigma(I)] R1 = 0.0749, wR2 = 0.1526 
R indices (all data) R1 = 0.2072, wR2 = 0.2069 
Largest diff. peak and hole 1.999 and -1.721 e.Å
-3
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 Table A.54.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 14 [Ag
4
(5-pyrimidyl-decyne)
4
(NO
3
)
4
]
n
. 
 U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) -8366(1) 2384(1) 5592(1) 48(1) 
Ag(2) -14303(1) 2358(1) 4044(1) 51(1) 
N(1) -9099(7) 3365(7) 4756(3) 39(2) 
N(3) -11469(7) 3296(7) 4155(3) 42(2) 
N(21) -16994(7) 1323(7) 3680(3) 42(2) 
N(23) -19750(7) -436(7) 3883(3) 43(2) 
N(80) -5349(7) 1479(8) 5386(3) 42(2) 
N(90) -6436(9) 4457(8) 6659(4) 54(2) 
C(2) -10757(8) 2807(9) 4598(4) 42(2) 
C(4) -10406(9) 4428(9) 3828(3) 40(2) 
C(5) -8673(9) 5052(8) 3944(3) 38(2) 
C(6) -8096(8) 4475(8) 4430(3) 37(2) 
C(7) -7583(10) 6171(9) 3569(3) 43(2) 
C(8) -6699(11) 7081(12) 3226(4) 58(2) 
C(9) -5695(12) 8199(12) 2795(5) 73(3) 
C(10) -6663(15) 8116(17) 2230(6) 104(5) 
C(11) -8244(16) 8241(15) 2206(5) 92(4) 
C(12) -9203(16) 8103(15) 1637(5) 93(4) 
C(13) -10815(16) 8257(17) 1652(6) 97(4) 
C(14) -11778(14) 8125(14) 1091(5) 86(3) 
C(15) -13441(18) 8150(20) 1100(7) 129(6) 
C(16) -14459(19) 8110(20) 566(7) 134(6) 
C(22) -18073(9) 132(9) 3963(4) 43(2) 
C(24) -20387(9) 220(9) 3477(4) 42(2) 
C(25) -19349(9) 1491(9) 3160(3) 39(2) 
C(26) -17638(9) 2007(9) 3284(3) 42(2) 
C(27) -20074(11) 2200(10) 2740(4) 50(2) 
C(28) -20703(12) 2844(10) 2428(4) 56(2) 
C(29) -21542(12) 3639(11) 2053(4) 61(2) 
C(30) -23381(13) 2611(12) 1880(4) 67(3) 
C(31) -24212(14) 3500(12) 1510(5) 75(3) 
C(32) -26054(14) 2541(13) 1358(5) 80(3) 
C(33) -26894(14) 3483(13) 1005(5) 81(3) 
C(34) -28679(14) 2513(14) 802(5) 82(3) 
C(35) -29495(14) 3401(15) 444(5) 82(3) 
C(36) -31303(14) 2407(16) 222(6) 103(4) 
O(81) -5909(8) 2260(8) 5060(3) 65(2) 
O(82) -3904(7) 1529(7) 5292(3) 61(2) 
O(83) -6218(8) 706(7) 5788(3) 67(2) 
O(91) -6177(9) 4706(8) 6119(3) 70(2) 
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O(92) -5748(11) 5443(12) 7043(4) 139(5) 
O(93) -7485(9) 3190(8) 6788(4) 87(2) 
____________________________________________________________________
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 Table A.55   Bond lengths [Å] and angles [°] for compound 14 [Ag
4
(5-pyrimidyl-
decyne)
4
(NO
3
)
4
]
n
. 
_____________________________________________________  
Ag(1)-N(1)  2.293(6) 
Ag(1)-N(23)#1  2.299(6) 
Ag(1)-O(81)  2.466(6) 
Ag(1)-O(91)  2.484(7) 
Ag(2)-N(3)  2.248(6) 
Ag(2)-N(21)  2.251(6) 
N(1)-C(6)  1.321(9) 
N(1)-C(2)  1.347(8) 
N(3)-C(2)  1.338(9) 
N(3)-C(4)  1.353(9) 
N(21)-C(22)  1.335(9) 
N(21)-C(26)  1.341(10) 
N(23)-C(22)  1.332(9) 
N(23)-C(24)  1.336(9) 
N(23)-Ag(1)#1  2.299(6) 
N(80)-O(82)  1.240(7) 
N(80)-O(83)  1.244(8) 
N(80)-O(81)  1.261(8) 
N(90)-O(92)  1.192(10) 
N(90)-O(93)  1.229(9) 
N(90)-O(91)  1.244(9) 
C(4)-C(5)  1.386(10) 
C(5)-C(6)  1.396(11) 
C(5)-C(7)  1.420(10) 
C(7)-C(8)  1.210(11) 
C(8)-C(9)  1.477(12) 
C(9)-C(10)  1.479(15) 
C(10)-C(11)  1.402(15) 
C(11)-C(12)  1.473(15) 
C(12)-C(13)  1.441(16) 
C(13)-C(14)  1.463(15) 
C(14)-C(15)  1.434(17) 
C(15)-C(16)  1.455(18) 
C(24)-C(25)  1.407(10) 
C(25)-C(26)  1.374(10) 
C(25)-C(27)  1.433(11) 
C(27)-C(28)  1.186(12) 
C(28)-C(29)  1.485(12) 
C(29)-C(30)  1.530(13) 
C(30)-C(31)  1.538(12) 
C(31)-C(32)  1.510(14) 
C(32)-C(33)  1.560(13) 
C(33)-C(34)  1.497(14) 
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C(34)-C(35)  1.514(15) 
C(35)-C(36)  1.530(15) 
 
N(1)-Ag(1)-N(23)#1 123.9(2) 
N(1)-Ag(1)-O(81) 88.9(2) 
N(23)#1-Ag(1)-O(81) 126.2(2) 
N(1)-Ag(1)-O(91) 103.4(2) 
N(23)#1-Ag(1)-O(91) 121.3(2) 
O(81)-Ag(1)-O(91) 82.8(2) 
N(3)-Ag(2)-N(21) 165.0(2) 
C(6)-N(1)-C(2) 116.0(6) 
C(6)-N(1)-Ag(1) 127.6(5) 
C(2)-N(1)-Ag(1) 116.3(5) 
C(2)-N(3)-C(4) 116.4(6) 
C(2)-N(3)-Ag(2) 119.2(5) 
C(4)-N(3)-Ag(2) 124.2(5) 
C(22)-N(21)-C(26) 117.8(6) 
C(22)-N(21)-Ag(2) 117.1(5) 
C(26)-N(21)-Ag(2) 123.7(5) 
C(22)-N(23)-C(24) 116.9(6) 
C(22)-N(23)-Ag(1)#1 125.6(5) 
C(24)-N(23)-Ag(1)#1 117.4(5) 
O(82)-N(80)-O(83) 121.9(7) 
O(82)-N(80)-O(81) 117.3(7) 
O(83)-N(80)-O(81) 120.7(7) 
O(92)-N(90)-O(93) 120.5(9) 
O(92)-N(90)-O(91) 121.1(9) 
O(93)-N(90)-O(91) 118.3(8) 
N(3)-C(2)-N(1) 126.1(7) 
N(3)-C(4)-C(5) 122.0(7) 
C(4)-C(5)-C(6) 115.9(7) 
C(4)-C(5)-C(7) 120.6(7) 
C(6)-C(5)-C(7) 123.4(7) 
N(1)-C(6)-C(5) 123.5(6) 
C(8)-C(7)-C(5) 176.8(9) 
C(7)-C(8)-C(9) 177.2(9) 
C(8)-C(9)-C(10) 112.4(9) 
C(11)-C(10)-C(9) 123.9(12) 
C(10)-C(11)-C(12) 122.6(12) 
C(13)-C(12)-C(11) 119.1(12) 
C(12)-C(13)-C(14) 119.6(12) 
C(15)-C(14)-C(13) 120.3(12) 
C(14)-C(15)-C(16) 124.3(14) 
N(23)-C(22)-N(21) 125.2(7) 
N(23)-C(24)-C(25) 121.9(7) 
C(26)-C(25)-C(24) 116.6(7) 
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C(26)-C(25)-C(27) 122.8(7) 
C(24)-C(25)-C(27) 120.6(7) 
N(21)-C(26)-C(25) 121.6(7) 
C(28)-C(27)-C(25) 175.0(10) 
C(27)-C(28)-C(29) 177.8(10) 
C(28)-C(29)-C(30) 112.8(8) 
C(29)-C(30)-C(31) 110.8(8) 
C(32)-C(31)-C(30) 112.1(9) 
C(31)-C(32)-C(33) 111.4(9) 
C(34)-C(33)-C(32) 112.3(9) 
C(33)-C(34)-C(35) 112.9(10) 
C(34)-C(35)-C(36) 113.2(11) 
N(80)-O(81)-Ag(1) 104.6(5) 
N(90)-O(91)-Ag(1) 103.2(5) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x-3,-y,-z+1       
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Table A.56.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 14 
[Ag
4
(5-pyrimidyl-decyne)
4
(NO
3
)
4
]
n
.  The anisotropic displacement factor exponent 
takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 33(1)  47(1) 65(1)  19(1) 3(1)  14(1) 
Ag(2) 24(1)  50(1) 71(1)  9(1) -3(1)  6(1) 
N(1) 21(3)  41(4) 51(4)  12(3) 5(3)  7(3) 
N(3) 26(3)  35(4) 64(4)  7(3) -1(3)  10(3) 
N(21) 27(3)  39(4) 54(4)  7(3) -5(3)  6(3) 
N(23) 31(3)  31(4) 61(4)  11(3) -1(3)  4(3) 
N(80) 24(3)  39(4) 57(4)  -5(3) 0(3)  6(3) 
N(90) 41(4)  37(4) 75(6)  -6(4) 2(4)  6(3) 
C(2) 23(3)  31(4) 68(5)  11(4) 2(3)  6(3) 
C(4) 32(4)  38(4) 47(4)  4(3) -1(3)  11(3) 
C(5) 32(4)  28(4) 45(4)  0(3) -1(3)  4(3) 
C(6) 17(3)  29(4) 61(5)  -6(4) -3(3)  4(3) 
C(7) 40(4)  37(5) 51(5)  10(4) 6(4)  13(4) 
C(8) 44(5)  73(7) 61(6)  17(5) 2(4)  24(5) 
C(9) 53(6)  69(7) 88(7)  42(6) 15(5)  6(5) 
C(10) 77(8)  115(11) 111(10)  66(9) 24(7)  20(8) 
C(11) 94(9)  93(9) 91(9)  39(7) 13(7)  34(8) 
C(12) 101(10)  89(9) 73(7)  30(6) -5(7)  17(8) 
C(13) 85(9)  100(10) 97(9)  25(7) 8(7)  23(8) 
C(14) 76(8)  81(8) 93(9)  -1(7) -4(6)  21(7) 
C(15) 90(11)  156(16) 136(13)  32(11) 10(9)  39(11) 
C(16) 97(11)  165(17) 144(14)  16(12) -2(10)  53(11) 
C(22) 34(4)  33(4) 57(5)  10(4) -4(3)  8(3) 
C(24) 26(4)  32(4) 62(5)  4(4) -1(3)  5(3) 
C(25) 35(4)  37(4) 43(4)  5(3) -2(3)  13(3) 
C(26) 34(4)  29(4) 56(5)  6(4) 6(3)  4(3) 
C(27) 55(5)  47(5) 51(5)  4(4) 4(4)  21(4) 
C(28) 61(6)  40(5) 63(6)  3(4) 4(4)  16(5) 
C(29) 73(6)  58(6) 62(6)  10(5) -5(5)  36(5) 
C(30) 90(8)  55(6) 68(6)  -1(5) -22(5)  42(6) 
C(31) 96(8)  65(7) 77(7)  -4(5) -26(6)  47(6) 
C(32) 89(8)  75(8) 90(8)  10(6) -29(6)  47(7) 
C(33) 85(8)  69(7) 93(8)  5(6) -20(6)  35(6) 
C(34) 79(8)  84(8) 86(8)  11(6) -8(6)  36(7) 
C(35) 84(8)  98(9) 76(7)  3(6) -2(6)  48(7) 
C(36) 70(8)  122(11) 112(10)  17(8) -24(7)  29(8) 
O(81) 64(4)  79(5) 70(4)  9(4) -1(3)  46(4) 
O(82) 31(3)  63(4) 90(5)  1(3) 9(3)  20(3) 
O(83) 58(4)  52(4) 75(4)  6(3) 22(3)  3(3) 
O(91) 74(5)  51(4) 87(5)  9(4) 8(4)  26(4) 
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O(92) 99(7)  117(8) 115(7)  -56(6) 43(5)  -48(6) 
O(93) 66(5)  45(4) 123(6)  9(4) 3(4)  -12(4) 
____________________________________________________________________
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Figure A.15. Ellipsoid plot for compound 15 [Ag
4
(5-pyrimidyl-dodecyne)
4
(NO
3
)
4
]
n
. 
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Table A.57.  Crystal data and structure refinement for compound 15 [Ag
4
(5-
pyrimidyl-dodecyne)
4
(NO
3
)
4
]
n
. 
 
Empirical formula  C16 H24 Ag N3 O3 
Formula weight  414.25 
Temperature  193(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a = 8.677(3) Å       α= 83.024(7)°. 
 b = 9.382(3) Å       β= 80.788(6)°. 
 c = 26.104(9) Å     γ = 68.374(6)°. 
Volume 1945.6(11) Å
3
 
Z 4 
Density (calculated) 1.414 Mg/m
3
 
Absorption coefficient 1.052 mm
-1
 
F(000) 848 
Crystal size 0.04 x 0.25 x 0.4 mm
3
 
Theta range for data collection 0.79 to 30.93°. 
Index ranges -12<=h<=12, -13<=k<=12, -35<=l<=36 
Reflections collected 28146 
Independent reflections 10890 [R(int) = 0.1358] 
Completeness to theta = 30.93° 88.1 %  
Absorption correction Empirical 
Max. and min. transmission 0.036 and 0.837 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 10890 / 0 / 415 
Goodness-of-fit on F
2
 1.393 
Final R indices [I>2sigma(I)] R1 = 0.1414, wR2 = 0.2955 
R indices (all data) R1 = 0.2163, wR2 = 0.3302 
Largest diff. peak and hole 2.124 and -2.306 e.Å
-3
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Table A.58.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 15 [Ag
4
(5-pyrimidyl-dodecyne)
4
(NO
3
)
4
]
n
. 
U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 8644(1) 7425(1) 4474(1) 56(1) 
N(1) 11109(9) 8259(9) 5754(3) 49(2) 
O(1) 6645(11) 9752(10) 4009(4) 79(2) 
Ag(2) 13901(1) 7310(1) 5849(1) 60(1) 
C(2) 10584(11) 7799(11) 5359(4) 49(2) 
O(2) 6626(14) 10556(15) 3201(5) 147(6) 
N(3) 9058(9) 8350(9) 5219(3) 45(2) 
O(3) 8283(13) 8308(10) 3401(4) 101(3) 
C(4) 7852(11) 9468(10) 5509(3) 47(2) 
O(4) 5951(11) 7256(11) 4950(3) 82(2) 
C(5) 8227(11) 9989(10) 5939(3) 43(2) 
O(5) 6549(10) 5745(10) 4303(3) 77(2) 
O(6) 4048(9) 6547(10) 4734(3) 74(2) 
C(6) 9907(11) 9360(10) 6039(3) 46(2) 
C(7) 6992(12) 11109(12) 6271(4) 54(2) 
C(8) 5927(13) 11997(13) 6587(4) 61(3) 
C(9) 4739(15) 13034(16) 6955(5) 80(4) 
C(10) 5378(19) 12990(20) 7451(6) 127(7) 
C(11) 7030(20) 13070(20) 7480(6) 105(5) 
C(12) 7680(20) 13020(20) 7978(6) 115(6) 
C(13) 9320(20) 13030(20) 8021(6) 109(5) 
C(14) 9950(20) 12970(20) 8520(6) 114(6) 
C(15) 11630(20) 12900(30) 8563(8) 146(8) 
C(16) 12260(20) 12900(20) 9050(6) 118(6) 
C(17) 13920(20) 12910(40) 9060(10) 176(11) 
C(18) 14640(30) 12920(30) 9551(9) 163(9) 
N(21) 16419(9) 6243(9) 6176(3) 51(2) 
C(22) 17621(12) 5066(11) 5922(4) 54(2) 
N(23) 19277(9) 4484(9) 5992(3) 53(2) 
C(24) 19738(12) 5122(11) 6356(4) 49(2) 
C(25) 18581(11) 6368(10) 6636(3) 45(2) 
C(26) 16910(12) 6904(11) 6522(4) 50(2) 
C(27) 19105(13) 7084(11) 7005(4) 53(2) 
C(28) 19631(14) 7687(12) 7287(4) 60(3) 
C(29) 20319(16) 8492(15) 7611(5) 73(3) 
C(30) 22053(17) 7483(15) 7767(5) 73(3) 
N(31) 7168(11) 9548(10) 3536(4) 65(2) 
C(31) 22775(18) 8373(15) 8073(5) 80(4) 
N(32) 5533(9) 6506(9) 4657(3) 49(2) 
C(32) 24538(18) 7423(16) 8228(5) 81(4) 
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C(33) 25140(20) 8407(18) 8536(6) 91(4) 
C(34) 26873(19) 7410(17) 8734(6) 92(4) 
C(35) 27481(19) 8374(19) 9043(6) 93(4) 
C(36) 29199(19) 7425(19) 9249(6) 94(4) 
C(37) 29800(20) 8430(20) 9542(6) 110(5) 
C(38) 31530(20) 7450(30) 9748(7) 137(7) 
____________________________________________________________________
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 Table A.59   Bond lengths [Å] and angles [°] for  compound 15 [Ag
4
(5-pyrimidyl-
dodecyne)
4
(NO
3
)
4
]
n
. 
_____________________________________________________  
Ag(1)-N(23)#1  2.320(8) 
Ag(1)-N(3)  2.351(7) 
Ag(1)-O(4)  2.515(8) 
Ag(1)-O(1)  2.546(9) 
N(1)-C(6)  1.361(11) 
N(1)-C(2)  1.365(11) 
N(1)-Ag(2)  2.296(7) 
O(1)-N(31)  1.257(12) 
Ag(2)-N(21)  2.298(7) 
C(2)-N(3)  1.327(11) 
O(2)-N(31)  1.218(12) 
N(3)-C(4)  1.378(11) 
O(3)-N(31)  1.255(12) 
C(4)-C(5)  1.406(12) 
O(4)-N(32)  1.273(11) 
C(5)-C(6)  1.411(12) 
C(5)-C(7)  1.448(13) 
O(5)-N(32)  1.255(10) 
O(6)-N(32)  1.258(10) 
C(7)-C(8)  1.259(14) 
C(8)-C(9)  1.449(15) 
C(9)-C(10)  1.478(19) 
C(10)-C(11)  1.47(2) 
C(11)-C(12)  1.49(2) 
C(12)-C(13)  1.45(2) 
C(13)-C(14)  1.48(2) 
C(14)-C(15)  1.45(2) 
C(15)-C(16)  1.46(2) 
C(16)-C(17)  1.45(3) 
C(17)-C(18)  1.51(3) 
N(21)-C(26)  1.356(12) 
N(21)-C(22)  1.362(12) 
C(22)-N(23)  1.370(11) 
N(23)-C(24)  1.365(12) 
N(23)-Ag(1)#1  2.320(8) 
C(24)-C(25)  1.419(13) 
C(25)-C(26)  1.416(13) 
C(25)-C(27)  1.454(13) 
C(27)-C(28)  1.212(14) 
C(28)-C(29)  1.513(14) 
C(29)-C(30)  1.542(18) 
C(30)-C(31)  1.562(15) 
C(31)-C(32)  1.551(19) 
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C(32)-C(33)  1.564(15) 
C(33)-C(34)  1.58(2) 
C(34)-C(35)  1.553(18) 
C(35)-C(36)  1.57(2) 
C(36)-C(37)  1.55(2) 
C(37)-C(38)  1.58(2) 
 
N(23)#1-Ag(1)-N(3) 123.2(3) 
N(23)#1-Ag(1)-O(4) 126.1(3) 
N(3)-Ag(1)-O(4) 88.9(3) 
N(23)#1-Ag(1)-O(1) 121.0(3) 
N(3)-Ag(1)-O(1) 105.2(3) 
O(4)-Ag(1)-O(1) 82.1(3) 
C(6)-N(1)-C(2) 115.4(7) 
C(6)-N(1)-Ag(2) 125.2(6) 
C(2)-N(1)-Ag(2) 119.2(6) 
N(31)-O(1)-Ag(1) 103.3(6) 
N(1)-Ag(2)-N(21) 164.3(3) 
N(3)-C(2)-N(1) 126.7(8) 
C(2)-N(3)-C(4) 117.4(7) 
C(2)-N(3)-Ag(1) 117.6(6) 
C(4)-N(3)-Ag(1) 125.0(5) 
N(3)-C(4)-C(5) 121.1(8) 
N(32)-O(4)-Ag(1) 103.7(6) 
C(4)-C(5)-C(6) 116.4(8) 
C(4)-C(5)-C(7) 123.4(8) 
C(6)-C(5)-C(7) 120.3(8) 
N(1)-C(6)-C(5) 123.0(8) 
C(8)-C(7)-C(5) 175.4(11) 
C(7)-C(8)-C(9) 178.3(12) 
C(8)-C(9)-C(10) 113.8(11) 
C(11)-C(10)-C(9) 123.3(15) 
C(10)-C(11)-C(12) 123.5(15) 
C(13)-C(12)-C(11) 125.0(15) 
C(12)-C(13)-C(14) 124.3(16) 
C(15)-C(14)-C(13) 124.1(17) 
C(14)-C(15)-C(16) 124.9(18) 
C(15)-C(16)-C(17) 121.9(18) 
C(16)-C(17)-C(18) 124(2) 
C(26)-N(21)-C(22) 117.0(8) 
C(26)-N(21)-Ag(2) 124.2(6) 
C(22)-N(21)-Ag(2) 117.0(6) 
N(21)-C(22)-N(23) 125.6(8) 
C(24)-N(23)-C(22) 116.7(8) 
C(24)-N(23)-Ag(1)#1 117.7(6) 
C(22)-N(23)-Ag(1)#1 125.7(6) 
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N(23)-C(24)-C(25) 121.9(8) 
C(26)-C(25)-C(24) 116.6(8) 
C(26)-C(25)-C(27) 122.0(9) 
C(24)-C(25)-C(27) 121.4(9) 
N(21)-C(26)-C(25) 122.2(8) 
C(28)-C(27)-C(25) 175.4(11) 
C(27)-C(28)-C(29) 176.6(12) 
C(28)-C(29)-C(30) 113.2(10) 
C(29)-C(30)-C(31) 112.0(11) 
O(2)-N(31)-O(3) 118.6(12) 
O(2)-N(31)-O(1) 120.8(11) 
O(3)-N(31)-O(1) 120.5(10) 
C(32)-C(31)-C(30) 114.2(11) 
O(6)-N(32)-O(5) 120.5(8) 
O(6)-N(32)-O(4) 117.5(9) 
O(5)-N(32)-O(4) 122.0(8) 
C(31)-C(32)-C(33) 110.3(11) 
C(32)-C(33)-C(34) 110.7(12) 
C(35)-C(34)-C(33) 111.2(12) 
C(34)-C(35)-C(36) 112.9(13) 
C(37)-C(36)-C(35) 111.8(13) 
C(36)-C(37)-C(38) 110.8(15) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+3,-y+1,-z+1       
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 Table A.60   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 15 
[Ag
4
(5-pyrimidyl-dodecyne)
4
(NO
3
)
4
]
n
.  The anisotropic displacement factor 
exponent takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 40(1)  68(1) 66(1)  -23(1) -5(1)  -20(1) 
N(1) 33(4)  60(5) 58(5)  -15(3) -11(3)  -16(3) 
O(1) 78(6)  74(5) 94(6)  -14(4) 0(5)  -38(4) 
Ag(2) 32(1)  72(1) 74(1)  -11(1) -15(1)  -11(1) 
C(2) 39(5)  52(5) 56(5)  -15(4) -10(4)  -10(4) 
O(2) 86(8)  144(10) 119(8)  57(8) 27(6)  29(7) 
N(3) 33(4)  53(4) 51(4)  -13(3) -9(3)  -12(3) 
O(3) 80(7)  64(6) 144(9)  -15(5) -22(6)  -1(5) 
C(4) 39(5)  48(5) 55(5)  -9(4) -14(4)  -12(4) 
O(4) 81(6)  115(7) 77(5)  -16(5) -11(4)  -64(5) 
C(5) 39(4)  44(5) 47(5)  -1(4) -7(4)  -17(4) 
O(5) 60(5)  83(5) 78(5)  -13(4) 7(4)  -17(4) 
O(6) 40(4)  88(6) 100(6)  -6(4) -7(4)  -30(4) 
C(6) 39(5)  49(5) 55(5)  -11(4) -3(4)  -18(4) 
C(7) 43(5)  62(6) 55(6)  -15(4) -6(4)  -15(4) 
C(8) 40(5)  67(7) 72(7)  -19(5) 0(5)  -13(5) 
C(9) 56(7)  87(8) 96(9)  -45(7) 10(6)  -21(6) 
C(10) 66(9)  184(18) 97(11)  -72(11) -2(8)  11(10) 
C(11) 89(11)  143(14) 106(11)  -60(10) 16(9)  -63(10) 
C(12) 97(13)  143(15) 91(11)  -30(10) -18(9)  -18(11) 
C(13) 100(13)  137(14) 106(12)  -43(10) -13(9)  -51(11) 
C(14) 98(13)  128(14) 95(11)  -20(9) -15(9)  -10(10) 
C(15) 83(12)  230(20) 153(17)  -86(16) -11(11)  -61(14) 
C(16) 97(13)  146(15) 98(11)  -8(10) -36(10)  -19(11) 
C(17) 77(12)  280(30) 190(20)  -120(20) -13(14)  -57(16) 
C(18) 118(17)  230(30) 156(19)  -7(17) -59(15)  -61(18) 
N(21) 39(4)  56(5) 62(5)  -13(4) -13(3)  -16(4) 
C(22) 42(5)  61(6) 62(6)  -13(4) -17(4)  -14(4) 
N(23) 37(4)  55(5) 68(5)  -21(4) -13(4)  -12(3) 
C(24) 40(5)  51(5) 55(5)  -10(4) -10(4)  -9(4) 
C(25) 44(5)  51(5) 47(5)  -3(4) -10(4)  -24(4) 
C(26) 41(5)  45(5) 61(6)  -11(4) -1(4)  -11(4) 
C(27) 62(6)  53(6) 46(5)  -1(4) -5(4)  -25(5) 
C(28) 61(6)  62(6) 63(6)  -11(5) -8(5)  -26(5) 
C(29) 81(8)  88(8) 76(7)  -29(6) -11(6)  -52(7) 
C(30) 92(9)  83(8) 61(7)  -5(6) -17(6)  -45(7) 
N(31) 41(5)  53(5) 98(8)  11(5) -18(5)  -15(4) 
C(31) 106(11)  82(8) 73(8)  -6(6) -27(7)  -50(8) 
N(32) 37(4)  58(5) 54(5)  2(4) -12(3)  -21(3) 
C(32) 98(10)  89(9) 78(8)  -11(6) -30(7)  -51(8) 
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C(33) 101(11)  105(10) 94(9)  -18(8) -24(8)  -60(9) 
C(34) 87(10)  99(10) 105(10)  -20(8) -18(8)  -43(8) 
C(35) 81(10)  123(12) 94(9)  -17(8) -18(8)  -51(9) 
C(36) 87(10)  113(11) 90(9)  -18(8) -15(8)  -41(9) 
C(37) 104(13)  149(15) 98(11)  -9(10) -36(9)  -62(11) 
C(38) 109(15)  210(20) 120(14)  -36(14) -32(12)  -69(15) 
____________________________________________________________________
  
241 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A.16. Ellipsoid plot for compound 16 [Ag
4
(5-pyrimidyl-hexyne)
4
(NO
3
)
4
]
n
. 
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Table A.61.  Crystal data and structure refinement for compound 16 [Ag
4
(5-
pyrimidyl-hexyne)
4
(NO
3
)
4
]
n
. 
 
Empirical formula  C10 H12 Ag N3 O3 
Formula weight  330.10 
Temperature  173(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a = 8.625(3) Å         α= 76.213(7)°. 
 b = 9.718(3) Å         β= 88.820(7)°. 
 c = 18.145(6) Å      γ = 64.187(6)°. 
Volume 1323.7(8) Å
3
 
Z 4 
Density (calculated) 1.656 Mg/m
3
 
Absorption coefficient 1.523 mm
-1
 
F(000) 656 
Crystal size 0.25 x 0.15 x 0.05 mm
3
 
Theta range for data collection 1.16 to 30.47°. 
Index ranges -12<=h<=12, -13<=k<=13, -25<=l<=25 
Reflections collected 19209 
Independent reflections 7480 [R(int) = 0.0758] 
Completeness to theta = 28.00° 99.5 %  
Absorption correction Empirical 
Max. and min. transmission 0.825 and 0.530 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 7480 / 0 / 267 
Goodness-of-fit on F
2
 1.370 
Final R indices [I>2sigma(I)] R1 = 0.1801, wR2 = 0.3795 
R indices (all data) R1 = 0.2122, wR2 = 0.3961 
Largest diff. peak and hole 4.080 and -2.672 e.Å
-3
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 Table A.62.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 16 [Ag
4
(5-pyrimidyl-hexyne)
4
(NO
3
)
4
]
n
.  U(eq) 
is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1 13092(1) -2428(2) -698(1) 37(1) 
Ag(2) 20679(1) -6901(2) -1177(1) 43(1) 
N(5) 11466(17) 404(19) -2039(11) 50(4) 
O(1) 11144(17) 357(15) -1363(9) 52(3) 
O(2) 10983(17) 1735(17) -2508(9) 61(4) 
O(3) 12300(20) -828(18) -2241(11) 80(5) 
N(6) 10152(16) -3374(16) -546(8) 39(3) 
O(4) 10551(16) -2622(15) -164(8) 49(3) 
O(5) 11169(17) -4025(16) -986(8) 55(3) 
O(6) 8751(17) -3420(19) -481(10) 68(4) 
N(1) 13950(30) -1750(30) 316(15) 100(3) 
C(2) 15650(18) -2358(18) 477(10) 37(4) 
N(3) 16437(15) -2125(15) 1039(8) 36(3) 
C(4) 15385(19) -1219(17) 1476(9) 33(3) 
C(5) 13593(17) -593(18) 1355(10) 35(3) 
C(6) 12960(40) -910(40) 755(19) 100(3) 
C(7) 12550(20) 280(30) 1863(11) 51(5) 
C(8) 11700(20) 970(30) 2300(14) 63(6) 
C(9) 10740(30) 1920(40) 2838(15) 99(11) 
C(10) 11960(40) 1650(40) 3480(19) 100(3) 
C(11) 13440(40) 1980(40) 3431(19) 100(3) 
C(12) 15270(40) 1570(40) 4011(19) 100(3) 
N(31) 15003(15) -4173(17) -1334(9) 42(3) 
C(32) 16726(17) -4798(19) -1212(10) 38(4) 
N(33) 17842(15) -5753(16) -1579(8) 38(3) 
C(34) 17204(17) -6135(18) -2126(10) 36(3) 
C(35) 15496(18) -5569(18) -2300(9) 32(3) 
C(36) 14352(19) -4543(19) -1870(10) 38(4) 
C(37) 14760(20) -6010(20) -2881(11) 43(4) 
C(38) 14080(30) -6360(20) -3283(10) 51(5) 
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C(39) 13370(30) -6900(30) -3830(16) 78(8) 
C(40) 12650(40) -5850(40) -4557(19) 100(3) 
C(41) 12090(40) -4300(40) -4818(19) 100(3) 
C(42) 11380(40) -2960(40) -5630(18) 100(3) 
____________________________________________________________________
____
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Table A.63   Bond lengths [Å] and angles [°] for  compound 16 [Ag
4
(5-pyrimidyl-
hexyne)
4
(NO
3
)
4
]
n
. 
_____________________________________________________  
Ag(1)-N(1)  2.33(2) 
Ag(1)-N(31)  2.312(13) 
Ag(1)-O(4)  2.441(13) 
Ag(1)-O(1)  2.484(13) 
Ag(2)-N(3)#1  2.238(11) 
Ag(2)-N(33)  2.252(12) 
N(5)-O(3)  1.24(2) 
N(5)-O(1)  1.25(2) 
N(5)-O(2)  1.26(2) 
N(6)-O(6)  1.232(18) 
N(6)-O(5)  1.239(18) 
N(6)-O(4)  1.266(18) 
N(1)-C(6)  1.31(4) 
N(1)-C(2)  1.33(3) 
C(2)-N(3)  1.350(19) 
N(3)-C(4)  1.354(19) 
N(3)-Ag(2)#1  2.238(11) 
C(4)-C(5)  1.393(19) 
C(5)-C(6)  1.38(3) 
C(5)-C(7)  1.43(2) 
C(7)-C(8)  1.19(3) 
C(8)-C(9)  1.49(3) 
C(9)-C(10)  1.48(4) 
C(10)-C(11)  1.44(4) 
C(11)-C(12)  1.75(4) 
N(31)-C(36)  1.32(2) 
N(31)-C(32)  1.338(17) 
C(32)-N(33)  1.312(19) 
N(33)-C(34)  1.34(2) 
C(34)-C(35)  1.342(19) 
C(35)-C(36)  1.435(19) 
C(35)-C(37)  1.47(2) 
C(37)-C(38)  1.14(2) 
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C(38)-C(39)  1.48(3) 
C(39)-C(40)  1.42(4) 
C(40)-C(41)  1.32(4) 
C(41)-C(42)  1.63(5) 
 
N(1)-Ag(1)-N(31) 123.4(7) 
N(1)-Ag(1)-O(4) 96.6(8) 
N(31)-Ag(1)-O(4) 124.3(5) 
N(1)-Ag(1)-O(1) 93.8(8) 
N(31)-Ag(1)-O(1) 122.0(5) 
O(4)-Ag(1)-O(1) 87.6(4) 
N(3)#1-Ag(2)-N(33) 167.9(5) 
O(3)-N(5)-O(1) 120.8(18) 
O(3)-N(5)-O(2) 120.5(19) 
O(1)-N(5)-O(2) 118.6(15) 
N(5)-O(1)-Ag(1) 102.3(10) 
O(6)-N(6)-O(5) 121.5(16) 
O(6)-N(6)-O(4) 119.3(15) 
O(5)-N(6)-O(4) 119.2(14) 
N(6)-O(4)-Ag(1) 105.6(9) 
C(6)-N(1)-C(2) 117(2) 
C(6)-N(1)-Ag(1) 127(2) 
C(2)-N(1)-Ag(1) 115.3(16) 
N(1)-C(2)-N(3) 125.4(15) 
C(4)-N(3)-C(2) 116.3(12) 
C(4)-N(3)-Ag(2)#1 123.0(9) 
C(2)-N(3)-Ag(2)#1 120.5(9) 
N(3)-C(4)-C(5) 121.3(13) 
C(6)-C(5)-C(4) 116.4(18) 
C(6)-C(5)-C(7) 124.7(19) 
C(4)-C(5)-C(7) 118.8(14) 
N(1)-C(6)-C(5) 123(3) 
C(8)-C(7)-C(5) 178(2) 
C(7)-C(8)-C(9) 175(3) 
C(10)-C(9)-C(8) 109(2) 
C(11)-C(10)-C(9) 127(3) 
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C(10)-C(11)-C(12) 139(3) 
C(36)-N(31)-C(32) 117.8(13) 
C(36)-N(31)-Ag(1) 118.0(9) 
C(32)-N(31)-Ag(1) 124.2(11) 
N(33)-C(32)-N(31) 125.7(15) 
C(32)-N(33)-C(34) 117.3(13) 
C(32)-N(33)-Ag(2) 119.3(10) 
C(34)-N(33)-Ag(2) 122.9(9) 
N(33)-C(34)-C(35) 122.1(14) 
C(34)-C(35)-C(36) 117.6(14) 
C(34)-C(35)-C(37) 123.0(14) 
C(36)-C(35)-C(37) 119.4(13) 
N(31)-C(36)-C(35) 119.6(13) 
C(38)-C(37)-C(35) 173(2) 
C(37)-C(38)-C(39) 175(2) 
C(40)-C(39)-C(38) 118(2) 
C(41)-C(40)-C(39) 133(3) 
C(40)-C(41)-C(42) 139(3) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+4,-y-1,-z       
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Table A.64   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 16 
[Ag
4
(5-pyrimidyl-hexyne)
4
(NO
3
)
4
]
n
.  The anisotropic 
displacement factor exponent takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  + 2 h k a* b* 
U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 22(1)  40(1) 48(1)  -22(1) 4(1)  -8(1) 
Ag(2) 10(1)  57(1) 59(1)  -25(1) 2(1)  -6(1) 
N(5) 20(6)  46(9) 84(13)  -21(9) 6(7)  -12(6) 
O(1) 41(7)  44(7) 67(9)  -18(6) 8(6)  -14(6) 
O(2) 38(7)  53(8) 72(10)  -5(7) 10(7)  -6(6) 
O(3) 71(11)  54(9) 102(13)  -44(9) 29(10)  -5(8) 
N(6) 25(6)  36(7) 45(8)  -4(6) 1(5)  -8(5) 
O(4) 41(7)  50(7) 60(8)  -21(6) 10(6)  -20(6) 
O(5) 41(7)  58(8) 58(8)  -23(7) 24(6)  -9(6) 
O(6) 30(6)  78(10) 93(12)  -8(9) 12(7)  -28(7) 
N(1) 86(7)  113(8) 102(8)  -57(7) -2(6)  -30(7) 
C(2) 22(6)  33(7) 59(10)  -31(7) 10(6)  -4(6) 
N(3) 15(5)  37(7) 53(8)  -27(6) 0(5)  -1(5) 
C(4) 26(7)  28(7) 47(9)  -15(7) -3(6)  -11(6) 
C(5) 17(6)  35(8) 50(9)  -24(7) 6(6)  -4(5) 
C(6) 86(7)  113(8) 102(8)  -57(7) -2(6)  -30(7) 
C(7) 28(8)  71(12) 51(11)  -36(10) 6(7)  -8(8) 
C(8) 28(8)  75(14) 78(15)  -41(12) 4(9)  -4(9) 
C(9) 38(11)  140(20) 69(16)  -62(17) -4(10)  24(13) 
C(10) 86(7)  113(8) 102(8)  -57(7) -2(6)  -30(7) 
C(11) 86(7)  113(8) 102(8)  -57(7) -2(6)  -30(7) 
C(12) 86(7)  113(8) 102(8)  -57(7) -2(6)  -30(7) 
N(31) 14(5)  50(8) 54(9)  -27(7) 2(5)  -1(5) 
C(32) 12(6)  43(8) 49(9)  -17(7) -6(6)  -1(6) 
N(33) 19(5)  44(7) 46(8)  -21(6) 3(5)  -4(5) 
C(34) 15(6)  34(8) 52(10)  -15(7) 1(6)  -2(5) 
C(35) 24(6)  35(8) 35(8)  -14(6) 5(6)  -9(6) 
C(36) 22(6)  41(8) 46(9)  -27(7) 0(6)  -2(6) 
C(37) 29(7)  52(10) 60(11)  -25(9) -9(7)  -22(7) 
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C(38) 51(10)  55(11) 36(9)  -5(8) -20(8)  -15(9) 
C(39) 68(15)  72(15) 94(19)  -43(14) -15(13)  -20(12) 
C(40) 86(7)  113(8) 102(8)  -57(7) -2(6)  -30(7) 
C(41) 86(7)  113(8) 102(8)  -57(7) -2(6)  -30(7) 
C(42) 86(7)  113(8) 102(8)  -57(7) -2(6)  -30(7) 
____________________________________________________________________
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Figure A.17 Ellipsoid plot for compound 17 [Ag
4
(5-pyrimidyl-heptyne)
4
(NO
3
)
4
]
n
. 
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Table A.65.  Crystal data and structure refinement for compound 17 [Ag
4
(5-
pyrimidyl-heptyne)
4
(NO
3
)
4
]
n
. 
 
Empirical formula  C11 H14 Ag N3 O3 
Formula weight  344.12 
Temperature  173(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 8.6672(17) Å       α= 76.503(4)°. 
 b = 9.781(2) Å           β= 88.760(4)°. 
 c = 18.336(4) Å         γ = 64.016(4)°. 
Volume 1352.9(5) Å
3
 
Z 4 
Density (calculated) 1.690 Mg/m
3
 
Absorption coefficient 1.494 mm
-1
 
F(000) 688 
Crystal size 0.25 x 0.15 x 0.04 mm
3
 
Theta range for data collection 1.15 to 30.48°. 
Index ranges -8<=h<=12, -13<=k<=13, -24<=l<=24 
Reflections collected 9592 
Independent reflections 6712 [R(int) = 0.1681] 
Completeness to theta = 28.00° 91.4 %  
Absorption correction Empirical 
Max. and min. transmission 1.000 and -0.442 
Refinement method Full-matrix least-squares on F
2
 
Data / restraints / parameters 6712 / 0 / 292 
Goodness-of-fit on F
2
 1.638 
Final R indices [I>2sigma(I)] R1 = 0.1604, wR2 = 0.4121 
R indices (all data) R1 = 0.2077, wR2 = 0.4620 
Largest diff. peak and hole 2.882 and -3.582 e.Å
-3
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Table A.66.  Atomic coordinates  ( x 10
4
) and equivalent  isotropic displacement 
parameters (Å
2
x 10
3
) for compound 17 [Ag
4
(5-pyrimidyl-heptyne)
4
(NO
3
)
4
]
n
. 
U(eq) is defined as one third of  the trace of the orthogonalized U
ij
 tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________ 
Ag(1) 13098(1) -2426(1) 4310(1) 57(1) 
Ag(2) 19318(1) -3096(1) 6169(1) 61(1) 
N(3) 13974(14) -1763(16) 5291(7) 57(3) 
C(7) 12524(15) 334(15) 6837(11) 64(4) 
C(4) 12973(15) -945(18) 5742(8) 54(3) 
C(6) 15367(13) -1174(14) 6455(7) 47(3) 
C(2) 15668(12) -2355(14) 5487(7) 50(3) 
N(1) 16437(12) -2110(12) 6045(6) 48(2) 
C(26) 22799(13) -3858(13) 7103(7) 47(3) 
C(22) 23227(15) -5167(16) 6177(9) 61(4) 
N(10) 10173(13) -3381(13) 4457(7) 56(3) 
O(4) 10566(16) -2640(13) 4822(7) 76(3) 
C(5) 13586(12) -601(13) 6359(6) 39(2) 
N(9) 11463(16) 412(19) 2963(9) 71(4) 
N(21) 22102(13) -4208(13) 6566(7) 56(3) 
O(5) 8798(15) -3450(16) 4535(8) 84(4) 
O(1) 11177(15) 314(15) 3650(8) 79(3) 
O(3) 10927(16) 1780(16) 2507(9) 85(4) 
C(8) 11622(17) 980(20) 7285(10) 72(4) 
C(25) 24577(14) -4447(16) 7254(8) 50(3) 
O(2) 12320(20) -810(20) 2784(10) 105(5) 
O(6) 11160(17) -4011(15) 4025(7) 76(3) 
N(23) 24983(12) -5840(16) 6311(7) 60(3) 
C(24) 25627(15) -5464(18) 6874(8) 56(3) 
C(28) 25870(20) -3570(20) 8251(10) 67(4) 
C(27) 25296(17) -3981(18) 7814(8) 58(3) 
C(9) 10700(20) 1910(40) 7808(14) 112(9) 
C(29) 26630(30) -3030(30) 8764(16) 114(9) 
C(10) 11310(80) 2290(110) 8200(40) 380(20) 
C(1) 13240(60) 2060(60) 8380(30) 177(15) 
C(3) 27930(40) -5610(30) 9742(17) 112(7) 
C(11) 14610(60) 1430(50) 9030(30) 153(13) 
C(12) 28080(60) -6290(60) 10590(30) 203(19) 
C(13) 15830(70) 1760(70) 8940(30) 210(20) 
C(14) 27030(50) -3910(40) 9530(20) 143(11) 
C(15) 29110(70) -8040(60) 10730(30) 220(20) 
____________________________________________________________________
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 Table A.67.   Bond lengths [Å] and angles [°] for compound 17 [Ag
4
(5-pyrimidyl-
heptyne)
4
(NO
3
)
4
]
n
. 
_____________________________________________________  
Ag(1)-N(23)#1  2.299(11) 
Ag(1)-N(3)  2.295(11) 
Ag(1)-O(4)  2.442(11) 
Ag(1)-O(1)  2.466(14) 
Ag(2)-N(21)  2.223(11) 
Ag(2)-N(1)  2.242(9) 
N(3)-C(4)  1.320(18) 
N(3)-C(2)  1.342(14) 
C(7)-C(8)  1.21(2) 
C(7)-C(5)  1.43(2) 
C(4)-C(5)  1.428(17) 
C(6)-N(1)  1.345(15) 
C(6)-C(5)  1.392(13) 
C(2)-N(1)  1.355(16) 
C(26)-N(21)  1.347(16) 
C(26)-C(25)  1.396(14) 
C(22)-N(21)  1.349(17) 
C(22)-N(23)  1.369(14) 
N(10)-O(6)  1.215(15) 
N(10)-O(5)  1.226(13) 
N(10)-O(4)  1.242(16) 
N(9)-O(2)  1.22(2) 
N(9)-O(1)  1.269(19) 
N(9)-O(3)  1.29(2) 
C(8)-C(9)  1.46(2) 
C(25)-C(24)  1.34(2) 
C(25)-C(27)  1.464(18) 
N(23)-C(24)  1.377(16) 
N(23)-Ag(1)#1  2.299(11) 
C(28)-C(27)  1.18(2) 
C(28)-C(29)  1.46(2) 
C(9)-C(10)  1.12(4) 
C(29)-C(14)  1.42(5) 
C(10)-C(1)  1.61(6) 
C(1)-C(11)  1.52(6) 
C(3)-C(14)  1.44(4) 
C(3)-C(12)  1.53(6) 
C(11)-C(13)  1.24(6) 
C(12)-C(15)  1.50(7) 
 
N(23)#1-Ag(1)-N(3) 122.2(4) 
N(23)#1-Ag(1)-O(4) 123.7(4) 
N(3)-Ag(1)-O(4) 98.4(4) 
  
254 
N(23)#1-Ag(1)-O(1) 121.7(5) 
N(3)-Ag(1)-O(1) 94.3(5) 
O(4)-Ag(1)-O(1) 88.1(4) 
N(21)-Ag(2)-N(1) 167.1(5) 
C(4)-N(3)-C(2) 114.3(11) 
C(4)-N(3)-Ag(1) 126.6(8) 
C(2)-N(3)-Ag(1) 118.8(8) 
C(8)-C(7)-C(5) 173.1(18) 
N(3)-C(4)-C(5) 124.5(10) 
N(1)-C(6)-C(5) 122.5(11) 
N(3)-C(2)-N(1) 127.7(10) 
C(6)-N(1)-C(2) 115.8(9) 
C(6)-N(1)-Ag(2) 124.8(8) 
C(2)-N(1)-Ag(2) 119.3(7) 
N(21)-C(26)-C(25) 122.5(10) 
N(21)-C(22)-N(23) 124.9(13) 
O(6)-N(10)-O(5) 121.5(13) 
O(6)-N(10)-O(4) 118.9(11) 
O(5)-N(10)-O(4) 119.5(13) 
N(10)-O(4)-Ag(1) 107.2(8) 
C(6)-C(5)-C(7) 119.6(11) 
C(6)-C(5)-C(4) 114.8(11) 
C(7)-C(5)-C(4) 125.5(10) 
O(2)-N(9)-O(1) 117.1(18) 
O(2)-N(9)-O(3) 123.9(17) 
O(1)-N(9)-O(3) 118.9(15) 
C(26)-N(21)-C(22) 116.0(10) 
C(26)-N(21)-Ag(2) 125.6(7) 
C(22)-N(21)-Ag(2) 117.7(9) 
N(9)-O(1)-Ag(1) 105.1(11) 
C(7)-C(8)-C(9) 170(2) 
C(24)-C(25)-C(26) 118.4(11) 
C(24)-C(25)-C(27) 120.3(11) 
C(26)-C(25)-C(27) 121.3(12) 
C(22)-N(23)-C(24) 116.7(11) 
C(22)-N(23)-Ag(1)#1 125.0(9) 
C(24)-N(23)-Ag(1)#1 118.3(8) 
C(25)-C(24)-N(23) 121.3(10) 
C(27)-C(28)-C(29) 177(2) 
C(28)-C(27)-C(25) 178.0(17) 
C(10)-C(9)-C(8) 124(3) 
C(14)-C(29)-C(28) 117(3) 
C(9)-C(10)-C(1) 135(4) 
C(11)-C(1)-C(10) 140(5) 
C(14)-C(3)-C(12) 113(3) 
C(13)-C(11)-C(1) 118(5) 
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C(15)-C(12)-C(3) 107(4) 
C(29)-C(14)-C(3) 122(3) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+4,-y-1,-z+1       
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Table A.68.   Anisotropic displacement parameters  (Å
2
x 10
3
) for compound 17 
[Ag
4
(5-pyrimidyl-heptyne)
4
(NO
3
)
4
]
n
. 
The anisotropic displacement factor exponent takes the form:  -2p
2
[ h
2
 a*
2
U
11
 + ...  
+ 2 h k a* b* U
12
 ] 
____________________________________________________________________ 
 U
11
 U
22
  U
33
 U
23
 U
13
 U
12
 
____________________________________________________________________ 
Ag(1) 46(1)  82(1) 64(1)  -42(1) 18(1)  -37(1) 
Ag(2) 37(1)  93(1) 71(1)  -41(1) 16(1)  -35(1) 
N(3) 50(5)  91(8) 57(7)  -44(6) 16(5)  -45(5) 
C(7) 34(5)  55(6) 100(12)  -39(7) -3(6)  -7(4) 
C(4) 40(5)  79(8) 57(8)  -38(7) 8(5)  -29(5) 
C(6) 30(4)  64(6) 57(7)  -26(5) 15(4)  -25(4) 
C(2) 26(4)  63(6) 57(8)  -30(6) 14(4)  -10(4) 
N(1) 39(4)  62(5) 59(7)  -35(5) 17(4)  -27(4) 
C(26) 34(4)  58(6) 50(7)  -27(5) 10(4)  -15(4) 
C(22) 38(5)  69(7) 77(10)  -47(7) 6(5)  -13(5) 
N(10) 43(5)  69(6) 71(8)  -23(6) 20(5)  -37(4) 
O(4) 94(8)  77(7) 89(9)  -36(6) 26(7)  -58(6) 
C(5) 35(4)  55(5) 26(5)  -2(4) 0(3)  -23(4) 
N(9) 46(6)  104(10) 91(11)  -54(9) 25(6)  -46(6) 
N(21) 48(5)  66(6) 67(8)  -39(6) 13(5)  -26(4) 
O(5) 59(6)  104(8) 112(10)  -26(7) 24(6)  -59(6) 
O(1) 71(7)  94(8) 101(10)  -43(7) 21(6)  -55(6) 
O(3) 66(6)  87(8) 92(10)  -10(7) 8(6)  -32(5) 
C(8) 45(6)  92(10) 64(10)  -38(8) 9(6)  -8(6) 
C(25) 37(5)  73(7) 50(7)  -25(6) 3(4)  -28(4) 
O(2) 115(12)  106(10) 105(12)  -50(9) 45(9)  -48(9) 
O(6) 86(8)  89(7) 70(7)  -31(6) 40(6)  -51(6) 
N(23) 33(4)  100(8) 55(7)  -47(6) 6(4)  -23(4) 
C(24) 37(5)  89(9) 55(8)  -30(7) 6(5)  -34(5) 
C(28) 65(8)  84(9) 63(10)  -30(8) -1(7)  -37(7) 
C(27) 55(6)  82(8) 55(8)  -24(7) 11(6)  -45(6) 
C(9) 58(9)  180(20) 102(16)  -100(16) 17(9)  -22(11) 
C(29) 95(14)  91(12) 160(20)  -60(15) -50(14)  -29(10) 
C(10) 380(30)  790(60) 450(60)  -550(50) 360(30)  -501 
____________________________________________________________________ 
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Powder Diffraction Data 
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Figure B.1. Calculated powder pattern for compound 1 {[{Ag
2
( -1,3-dithiane)
2
}( -
NO
3
)
2
]}

. 
 
 
 
 Figure B.2. Experimental powder pattern for compound 1 {[{Ag
2
( -1,3-
dithiane)
2
}( -NO
3
)
2
]}

. 
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Figure B.3 Calculated powder pattern for compound 2{[{Ag
2
( -1,3-dithiane)
 2
}( -
PF
6
)
2
]}

  
 
 
 
 
Figure B.4 Experimental powder pattern for compound 2{[{Ag
2
( -1,3-dithiane)
 2
}( 
-PF
6
)
2
]}

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Figure B.5 Calculated powder pattern for compound 3 {[{Ag(BF
4
)}
2
( -1,3-
dithiane)
2
]}

. 
 
 
 
Figure B.6 Experimental powder pattern for compound 3 {[{Ag(BF
4
)}
2
( -1,3-
dithiane)
2
]}

. 
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Figure B.7 Calculated powder pattern for compound 4 [ZnCl
2
(pyrimidine)]
∞  
 
 
 
 
 
Figure B.8 Experimental powder pattern for compound 4 [ZnCl
2
(pyrimidine)]
∞  
 
 
 
 
 262 
  
 
 
 
Figure B.9 Calculated powder pattern for compound 7 Ag
2
(CF
2
CO
2
)
2
(3,5-lutidine)
4. 
 
  
 
 
Figure B.10 Experimental powder pattern for compound 7 Ag
2
(CF
2
CO
2
)
2
(3,5-
lutidine)
4. 
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Figure B.11 Calculated powder pattern for compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-lutidine)
4
. 
 
 
 
 
 
Figure B.12 Experimental powder pattern for compound 8 Ag
2
(CF
2
CO
2
)
2
(3,4-
lutidine)
4
. 
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Figure B.13 Calculated powder pattern for compound 9 Ag
2
(CF
2
CO
2
)
2
(2,4-lutidine)
3
. 
 
 
Figure B.14 Experimental powder pattern for compound 9 Ag
2
(CF
2
CO
2
)
2
(2,4-
lutidine)
3
. 
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Figure B.15 Calculated powder pattern for 10 [Ag
2
(5-pyrimidyl-
pentyne)
2
(CF
3
CO
2
)
2
]
∞
. 
       
 
Figure B.16 Experimental powder pattern for 10 [Ag
2
(5-pyrimidyl-
pentyne)
2
(CF
3
CO
2
)
2
]
∞
. 
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Figure B.17 Calculated powder pattern for 11 [Ag
2
(5-pyrimidyl-
hexyne)
2
(CF
3
CO
2
)
2
]
∞
. 
 
   
    
Figure B.18 Experimental powder pattern for 11 [Ag
2
(5-pyrimidyl-
hexyne)
2
(CF
3
CO
2
)
2
]
∞
. 
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Figure B.19 Calculated powder pattern for compound 16 [Ag
4
(5-pyrimidyl-
hexyne)
4
(NO
3
)
4
]
n
 
 
 
Figure B.20 Experimental powder pattern for compound 16 [Ag
4
(5-pyrimidyl-
hexyne)
4
(NO
3
)
4
]
n
 
 268 
 
 
 
 
Figure B.21 Calculated powder pattern for compound 17 [Ag
4
(5-pyrimidyl-
heptyne)
4
(NO
3
)
4
]
n
 
 
 
 
 
Figure B.22 Experimental powder pattern for compound 17 [Ag
4
(5-pyrimidyl-
heptyne)
4
(NO
3
)
4
]
n
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Figure B.23 Calculated powder pattern for compound 12 [Ag
4
(5-pyrimidyl-
octyne)
4
(NO
3
)
4
]
n
. 
 
 
 
Figure B.24 Experimental powder pattern for compound 12 [Ag
4
(5-pyrimidyl-
octyne)
4
(NO
3
)
4
]
n
. 
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Figure B.25 Calculated powder pattern for compound 13 [Ag
4
(5-pyrimidyl-
nonyne)
4
(NO
3
)
4
]
n
. 
 
 
 
 
Figure B.26 Experimental powder pattern for compound 13 [Ag
4
(5-pyrimidyl-
nonyne)
4
(NO
3
)
4
]
n
. 
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Figure B.27 Calculated powder pattern for compound 14 [Ag
4
(5-pyrimidyl-
decyne)
4
(NO
3
)
4
]
n
. 
 
 
 
Figure B.28 Calculated powder pattern for compound 14 [Ag
4
(5-pyrimidyl-
decyne)
4
(NO
3
)
4
]
n
. 
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Figure B.29 Calculated powder pattern for compound 15 [Ag
4
(5-pyrimidyl-
dodecyne)
4
(NO
3
)
4
]
n
. 
 
    
Figure B.30 Calculated powder pattern for compound 15 [Ag
4
(5-pyrimidyl-
dodecyne)
4
(NO
3
)
4
]
n
. 
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Appendix C 
 
 
NMR, Mass, IR Spectra 
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Figure C.1. 
1
H nmr of 5-pyrimidyl-pentyne. 
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Figure C.2. 
13
C nmr of 5-pyrimidyl-pentyne. 
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Figure C.3.  Mass Spectrometry of 5 -pyrimidyl-pentyne. 
 
 277 
 
Figure C.4.  IR Spectrometry of 5 -pyrimidyl-pentyne. 
 278 
 
Figure C.5 
1
H nmr of 5-pyrimidyl-hexyne. 
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Figure C.6 
13
C nmr of 5-pyrimidyl-hexyne. 
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Figure C.7 Mass Spectrometry of 5 -pyrimidyl-hexyne 
 281 
 
 
Figure C.8 IR Spectrometry of 5 -pyrimidyl-pentyne 
 282 
 
Figure C.9. 
1
H nmr of 5-pyrimidyl-heptyne. 
 283 
 
Figure C.10. 
13
C nmr of 5-pyrimidyl-heptyne. 
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Figure C.11.  Mass Spectrometry of 5 -pyrimidyl-heptyne. 
 285 
 
 
Figure C.12.  IR Spectrometry of 5 -pyrimidyl-heptyne. 
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Figure C.13. 
1
H nmr of 5-pyrimidyl-octyne. 
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Figure C.14. 
13
C nmr of 5-pyrimidyl-octyne. 
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Figure C.15 Mass Spectrometry of 5 -pyrimidyl-octyne 
 289 
 
Figure C.16 IR Spectrometry of 5 -pyrimidyl-octyne 
 290 
 
Figure C.17. 
1
H nmr of 5-pyrimidyl-nonyne. 
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Figure C.18. 
13
C nmr of 5-pyrimidyl-nonyne. 
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Figure C.19 Mass Spectrometry of 5 -pyrimidyl-nonyne 
 293 
 
Figure C.19 IR Spectrometry of 5 -pyrimidyl-nonyne 
 294 
 
 
Figure C.21. 
1
H nmr of 5-pyrimidyl-decyne. 
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Figure C.22. 
13
C nmr of 5-pyrimidyl-decyne. 
 296 
 
Figure C.23 Mass Spectrometry of 5 -pyrimidyl-decyne 
 297 
 
Figure C.24 IR Spectrometry of 5 -pyrimidyl-decyne 
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Figure C.25. 
1
H nmr of 5-pyrimidyl-dodecyne. 
 299 
 
Figure C.26. 
13
C nmr of 5-pyrimidyl-dodecyne. 
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Figure C.27 IR Spectrometry of 5 -pyrimidyl-dodecyne 
 
